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CHAPTER 1 

INTRODUCTION 

 

 Poultry industry in Pakistan has developed rapidly and geometrically over the last several 

decades, with the concurrent growth of professional expertise in disease monitoring, diagnosis, 

treatment, prophylaxis and consultative technical advice was always encouraging to poultry 

farmers (Sadiq et al. 2004). The protein committee of Pakistan has estimated per capita daily 

requirement of animal proteins 27.4gm compared to only 17.4gm availability indicating a 

deficiency of 10gm animal protein per capita daily (Economic survey of Pakistan 2012-13). This 

possesses serious food safety threat to human. This sector employee about 1.5 million people and 

contributes about 34.82 percent share of the total meat production at national level (Anonymous, 

2011- 2012). This poultry is the fastest growing industry especially in tropical and sub tropical 

zones, due to lack of biosecurity and viral problems are serious threat to poultry industry.  

 Infectious bursal disease (IBD) also called Gumboro disease, is globally distributed 

immunosuppressive infection of chicken up to 3 to 6 weeks of age. The IBD infection, is 

endemic in poultry-producing regions, inflicting high economic impact to the poultry industry 

worldwide (Flensburg et al. 2000; Sanchez et al. 2005). The IBD etiological agent is double 

stranded RNA virus having two segments which belongs to the Birnaviridae family  and 

consisted of two serotypes, designated as serotypes 1 and serotype 2 (Muller et al. 2003). Only 

type 1 serotype is pathogenic for the domesticated chicken (Jackwood et al. 1985). Numerous 

serotype 1 strains, differing in antigenicity have been identified and classified as classic and 

variant. Chickens are more susceptible for IBD viral infection in young age and symptoms are 

nonspecific, including depression, whitish diarrhea, anorexia, prostration, and death, but all age 

groups subsequently experience a transient immunosuppression (Sharma et al. 2000). Classical 
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strains in chicken, causes severe inflammation of bursa resulted in lymphocytic depletion and 

bursal atrophy in IBD challenged birds, ultimately causing immunosuppression. Mortality ratio 

in IBD infected chicken with classical strain was 20 to 30% (Lim et al. 1999). Very virulent (vv) 

IBD strain is acute, highly contagious and may lead to high mortality rates (Eterradossi and Saif 

2008). The very virulent strain of IBD virus had 80 % sequence homology with classical IBDV 

strains (Jackwood et al. 2009; Stoute et al. 2009). Variant strains of IBDV were detected, caused 

rapid and severe bursal regression (Vakharia et al. 1994). 

 The IBDV being a non-zoonotic pathogen is not regarded as a human food safety issue, 

nevertheless movement of birds with IBDV infections is a cause for concern because of the 

possible introduction of new antigenic and pathogenic strains into a geographic area can have a 

negative economic impact on the chickens (Jackwood and Sommer-Wagner, 2010). The relative 

heat resistance of IBDV and its ability to survive 60 or more days in poultry litter (Mandeville et 

al. 2000) make it difficult to be destroyed by the standard methods of sanitation and disinfection. 

So prevention of infection in chicken mainly based on vaccination (Saif, 2004). There are two 

types of IBD vaccines; inactivated and living ones. Inactivated vaccine is used for vaccination of 

adult hens to protect the progeny at the first three weeks of age (Naqiet al. 1983). Live vaccines 

are essentially intended for prevention of IBDV infection in young chickens. Living vaccinal 

strains of IBDV vary in virulence from mild, intermediate, intermediate-plus to hot and its use on 

the level of maternal antibodies (Tsukamotoet al. 1995). Both mild, intermediate and 

Intermediae-plus live vaccinal strains of IBDV are neutralized by maternal antibodies (MDA) 

(Winterfield et al. 1972), but the intermediate strain vaccines are superior to mild vaccines in 

induction of immunity (Mazariegos et al. 1990). Chicks with high maternal immunity may 

require hot IBDV strain vaccines to induce active immunity; however, this strain can induce 
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immunosuppression as hot strain vaccines causes more antigenic stimulation and virus 

replication in lymphoid tissue for longer time period  (Rautenschlein et al. 2005).  

 The diagnosis based on clinical signs, gross and histopathological lesions, isolation and 

conventional tests for identification of IBDV like Immunofluorescence assay, ELISA, agar gel 

immunodiffusion assay etc. The molecular techniques are more sensitive and specific for 

detection of IBDV like Reverse transcriptase polymerase chain reaction (RT-PCR) from positive 

field samples as compared to conventional techniques (Roussn et al. 2012).  

 Therefore, the aim of this project was to understand the pathogenesis, tissue tropism and 

molecular diagnosis of infectious bursal disease virus (pathogenic strain) from field isolates. 

Initially IBDV isolated from field bursa samples by inoculating in embryonated chicken eggs 

and virus confirmed through Reverse trasnscriptase polymerase chain reaction by detecting VP2 

nucleotide sequence. Secondly pathogenesis of isolated virus investigated in commercial and 

SAN (Specific Antibody Negative) chickens on the basis of histopathological changes in 

lymphoid and non lymphoid tissues and virus identified in tissues through 

Immunohistochemistry technique and RT-PCR. In last trial comparative immune response of 

commercial IBD vaccines against field isolate determined in broiler chicken through Enzyme 

linked immunosorbent assay, bursa to body weight ratio and histopathological changes in 

lymphoid organs. 
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CHAPTER 2 

REVIEW OF LITERATURE 

 

2.1. Introduction 

 Infectious Bursal Disease Virus (IBDV) is etiology of an immunosuppressive disease in 

chicken, termed as GUMBORO DISEASE (Lukert and Saif, 1997). IBD is an acute, highly 

spreading (Contagious) and may lead to high mortality rates (Eterradossi and Saif, 2008). Due to 

the mortality and immunosuppressive effects, the disease has marked economic significance to 

the poultry sector throughout the world. 

2.2. History 

 The problem was first recognized in 1962 by Cosgrove and termed as Avian Nephrosis 

because of the renal damage present in birds that access to infection (Lukert and Saif 2004). 

Winterfield and his coworkers succeeded in isolating an agent in embryonated eggs and the 

isolate was referred to as “infectious bursal agent” and identified as the cause of Infectious 

Bursal Disease (Lukert and Saif 2004). Hitchner proposed the name “infectious bursal disease” 

for this disease due to the pathogonomic lesions of the burs of Fabricius (BF) (Lukert and Saif 

2004). In 1980, second serotype was reported (McFerran et al. 1980). The control of the this 

problem was difficult by the recognition of “variant” strains of serotype 1, which were first 

found in the Delmarva poultry producing area of  United States of America (Lukert and Saif 

2004). In Netherland, in 1980s, a very virulent strain of IBDV (vvIBDV) was discovered, and 

quickly spread to other areas like Asia, Africa and lately to South America (Lukert and Saif 

2004). The vvIBDV has not been reported from Australia and New Zealand (Lukert and Saif 
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2004), but recently vvIBDV outbreaks in layer flocks were reported in United States (Jackwood 

et al. 2009). 

2.3. Economic Importance of IBD 

 The economic significance of this disease is manifested in two methods: First, high 

mortality is caused by some virus strains in chickens at 3 weeks of age and older and second, and 

more importantly, in early age in chickens IBDV may cause prolonged immunosuppression, 

which leads to higher susceptibility to secondary infections and impediment impediment of 

vaccine responses to vaccines against IBD and other diseases (Lukert and Saif 2004). Chickens 

are most susceptible to clinical infection from 3 to 6 weeks of age. Lymphoid tissue, the primary 

target of IBDV is particularly bursa of Fabricius. Subclinical infection may occur in chickens 

less than 2 weeks of age leading usually to immunosusppression (Sharma et al. 2000). Infectious 

bursal disease virus belongs to the family Birnaviridae. This viral genome consists of two 

double-stranded RNA segments and encoded by several proteins which are: VP1, VP2, VP3, 

VP4, and VP5. The major immunogenic protein of the virus is VP2, containing at least two sites 

of neutralization. It also has sites that are engaged in determining the virulence of the virus 

(Muller et al. 2003). There are two distinct serotypes of IBDV, serotypes 1 and 2. The first one is 

the pathogenic type causing IBD in chickens. The virus persists in the environment and can be 

difficult to eradicate from previously affected premises. Oral route is the most common mode of 

infection (Sharma et al. 2000). Immune-suppressed flocks are more susceptible to infection with 

opportunistic pathogens and show suboptimal response to vaccination, which often leads to 

situations of chronic diseases (Balamurugan and Kataria 2006; Hassan 2004). Clinical 

manifestations depends upon on the dose and virulence of virus, breed and age of birds and the 

immune status of passive immunity (Hassan 2004; Rauw et al. 2007).  
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2.4. Viral Morphology and organization 

 IBDV is a member of the Birnaviridae family, which includes three genera: 

Aquabirnavirus, Avibirnavirus and Entomobirnavirus. Among the most noted features of this 

virus is that having bisegmented genomic, as well as the double-stranded RNA. IBDV particles 

are non-enveloped with a diameter of approximately 70 nm. The virus is icosahedral in shape 

with a geometric skew of T=13 (Coulibaly et al. 2005; Hirai et al. 1974). There are two known 

serotypes of IBDV. Both serotypes affect both chickens and turkeys. Serotype 1 is the 

pathogenic form of IBDV in chickens and has several antigenic variations in the field 

(Rosenberger et al. 2008). Serotype 2 is considered non pathogenic for chickens and may not 

form lesions. However, one recent report showed that it could be pathogenic in chicken embryos 

(Abdel-Alim et al. 2002). The genome of IBDV is bisegmented, double-stranded RNA with two 

segments that can be detected by polyacrylamide gel electrophoresis (Muller et al. 1979). The 

two segments are designated as A segment and B. The molecular weight of the two double 

stranded segments is 2.2 x 10
6 

and 1.9 x 10
6

, respectively. The segment lengths are 3.2 kb and 

2.8 kb, respectively. Segment A comprises two partially overlapping open reading frames. The 

larger Open Reading Frames coded by a polyprotein which, through auto processing, matures 

into VP2, VP3 and VP4 viral proteins. The shorter overlapping ORF encodes the non-structural 

polypeptide known as VP5. The structural protein is VP2 that forms the external surface of the 

virus. VP2 contains a hypervariable antigenic region responsible for serotype specificity and for 

producing conformational dependant neutralizing antibodies (Bayliss et al. 1990; Dormitorio et al. 

1997). Because these neutralizing antibodies bind to this region of the virion, it is susceptible to 

mutations and antigenic shifts and is the basis for molecular determination for serotype I viruses. 

Most of the changes that occur in the VP2 are located between amino acid 203 and 350 



REVIEW OF LITERATURE 

 7 

(Coulibaly et al. 2005). VP3 is also a structural protein and is only found on the inner surfaces of 

virus-like particles. Recent findings indicate that VP3 may play a key role in assembly as well. 

VP4 is a viral protease involved in protein processing and it has been suggested that VP4 also 

plays a role in activation of the VP1. VP5 was the final viral protein identified in IBDV. This 

protein plays a role in viral pathogenesis but is not essential for viral replication in vitro or in 

vivo (Mundt et al. 1995). The smaller genome which is segment B it has VP1, the 95 kDa RNA-

dependent RNA polymerase (RdRp) responsible for the replication and synthesis of mRNA. VP1 

shares numerous sequence features with other RNA polymerases from various origins (Liu et al. 

2004; von Einem et al. 2004). 

2.5. Forms of IBDV  

 The classic form of IBDV was described in the early 1960’s. This form generally affects 

birds around 3 weeks of age and has an incubation period that ranges from 2 to 4 days. It is 

characterized by an acute onset of depression in the birds. Often times the birds are reluctant to 

move, have ruffled feathers, and a decreased feed intake. Severely affected birds become so 

depressed they become dehydrated and die (Cosgrove et al. 1962; Faragher et al. 1972).  

 The immunosuppressive or sub-clinical form is caused by low-pathogenicity forms of 

IBDV and is commonly described and seen throughout the United States (Banda et al. 2003; 

Banda et al. 2001). These strains are often labeled “variant” strains, such as the Delaware variants 

or the GLS strains (Snyder et al. 1990). These viruses resist neutralization with antibodies 

developed against the classic forms of the disease and show molecular characteristics that are 

different from the classic forms. Although these viral strains may not found to be highly 
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pathogenic, they can cause severe immunosuppression which leads to vaccination failures and 

predisposure to opportunistic secondary infections (Rosenberger et al. 1975).  

 The very virulent form of IBDV was first described in Europe and has since spread to 

almost every continent in the world. This viral form is caused by hypervirulent strains of IBDV 

and is characterized by an acute progression of the classic form leading to extremely high 

mortality rates on affected farms. There have been several publications on the molecular basis of 

vvIBDV, showing that they are distinctly different molecularly and antigenically from both the 

classic and the immunosuppressive forms of the disease (Chettle et al. 1989; Van den Berg et al. 

1991; Nunoya et al. 1992) 

2.6. Isolation and identification 

 Screening of IBD virus was assessed by indirect haemagglutination (IHA) test (Hussain 

et al. 2003). Anti-IBD virus antibodies were raised in rabbits by repeated injections of live 

attenuated commercial (D-78, Intervet). These antibodies were coated on washed sheep 

erythrocytes by chromium chloride (2% solution) and mixed in equal quantities with field 

samples. Observations were recorded by considering clumps formation as positive and bead 

formation of erythrocytes at the bottom of titration wells (micro-titration plate) negative (Hussain 

et al. 2003). 

 Chorioallantoic membrane (CAM) was used to propagate partially purified virus in 

Specific Pathogen Free Embryonated Chicken Eggs (ECE) of ten days old as described by 

Rodriguez-Chavez et al. (2002). The lesions and embryo mortality which was observed till 24 

passages caused by the field isolates of IBD virus (Aftab et al. 2010).Winterfield succeeded in 
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isolating an agent in embryonated eggs and that agent which was isolated was referred to as 

Infectious Bursal Agent that was called the actual source of IBD (Lukert and Saif 2004).  

 Agar gel precipitation test was the original qualitative method to detect the antibodies 

against infectious bursal disease virus. Bursal homogenate was used as antigen to demonstrate 

the antibody seven days after infection. This serological test not detected the specific strain of 

virus but confirmed the viral antigen only in group (Lukert and Saif 2003). Muhammad et al. 

(2005) quantified IBDV in different organs of infected birds and he also quantified the different 

parts of experimentally inoculated Embryonated eggs through Agar Gel Precipitation Test 

(AGPT). 

 IBDV strains propagated in 9 to 11 day old embryonated eggs derived from hens free of 

IBDV maternal antibodies. The inoculation by chorioallantoic membrane (CAM) route is the 

most sensitive, although embryos inoculated via the yolk sac were also infected by most isolates. 

Variant strains of IBDV can also be isolated and grown in chicken embryos when introduced by 

the CAM route but generally will not be lethal to. The IBDV can also be propagated in 

embryonated chicken eggs and cause severe lesions in the embryo even in lower doses than 103 

TCID50 (Rosenberger et al. 2008).  

2.7. Pathogenesis 

 It is the procedure in which virus is used to cause diseases, injuries mortality and 

immuno-deficiency to the host (Van den Berg et al. 2000). The damaging effect of virus can be 

evaluated with response of animal, at organ level, and at the level of cellular alterations. 

Infectious Bursal Disease Virus showed clinical infection in birds of three to six week of age and 

older birds showed the sub clinical infection. The infection of IBDV depends on the strain and 
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the amount of infecting virus. The clinical infection of IBDV based on few factors like type of 

viral strain, the dose of virus, route of virus entry, presence or absence of aternal antibodies, type 

of birds and  age factors. (Muller et al. 2003). The IBDV usually attacks the bursa of Fabricius 

(Lukert and Saif 2004), but also other lymphoid tissues may be infected. In peak infection of 

IBDV, died birds showed grossly severe hemorrhages on bursa, swollen bursal pellicles, bursal 

swelling, congestion with blood and gelatinous exudates in side of bursa with dark colored 

appearance.  Peribursal oedema will be present during early infection, which is pathogonomic for 

IBD (Office International Des Epizooties, 2004). Lukert and Saif (2004) have reviewed 

macroscopic and microscopic changes in the immune organs of bird’s specifically bursal tissues.  

On day 3 post infection, the bursa begins to increase in size and weight because of oedema and 

hyperaemia. The BF begins to recede after the 4th day. The Bursa of Fabricius attains normal size 

and weight on day 5 post infection leads to the regression stages further.  After 2 to 3 days of the 

post infection, the BF showed thick jelly like material in inner folds. The inner striations of bursa 

swelled. Bursa became normal size at this stage gelatinous material disappeared, and finally 

leads to bursal regression, atrophied and grey colored.  

 The spleen very often forms the small grey Necrotic Foci and spleenomegaly observed 

(Lukert and Saif 2004). Although lesions in the BF are comparable between vvIBDV and 

virulent or iIBDV infected chickens, vvIBDV strains cause a greater decrease in thymic weight 

index and damaging effect with pathological gross lesions observed on Cecal Tonsils, Thymus 

and Spleen as compared to those strains which are less virulent (Ahad, 2002). 

The complete pathogenesis sequence of IBDV viral infection in broiler chicken infected through 

oral route was detected through Immuno-Fluorescence and IBD antigen was detected in cecum, 

duodenum and jejunum mononuclear cells after four to five hours of post infection (Hair-Bejo et 
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al. 2004). After five hours of post infection viral antigen enters the liver, then in blood and 

causes viremia after that bursal antigen spreads to other immune organs. The bursal antigen 

existed in bursa almost three weeks of post infection in Specific Pathogen Free Chicken and on 

other side this period is reduced in commercial broiler birds as they having maternal derived 

antibodies for IBD (Abdel-Alim and Saif, 2001).  

 The structural protein VP2 is the most widely studied protein of IBDV. It is the major 

antigen that elicits a host-protective immune response.  It contains at least 3 binding sites 

(neutralizing-epitope) which are responsible for the production Neutralizing viral antibodies in 

chickens. The variable region is the area which contains major neutralizing epitope and it is 

located within one forty five fragmented amino acids.  In this site when the certain amino acid 

changes the antigenic variation will occur (Letzel et al. 2007). The bursal disease is more 

damaging disease of broiler chicks in young age. Most of the time, this disease occurs when the 

chick is of three to six weeks of age (Van den Berg, 2000).  

2.8. Histopathology and Immunohistochemistry 

 Histopathological lesions in bursa of Fibrinous were observed in 4 to 7 weeks after IBD 

vaccination by detecting the ultrasructural lesions in lymphocytes after vaccination. Lesions 

included changes in cytoplasm organelles, nuclear chromatin margination, degeneration and 

necrotic lymphocytes and macrophages (Luengo et al. 2001). The lymphoctic depletion and 

damage at cortex and medulla of immune follicles observed at one day of post IBDV infection. 

The depleted and damaged lymphocytic cells were replaced bt reticulo endothelial cells , 

heterophils, necrotic debris and mononuclear cells .All lymphoid follicles are affected by 3 or 4 

days post infection and the increase in weight of BF seen at this time is caused by severe 
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oedema, hyperaemia and marked accumulation of heterophils (Lukert and Saif 2004). The cyst 

developed at medullar region of lymphoid pellicles and on bursal epithelium at the end of 

immunological reaction. The heterophils and plasma cells occur and fibroplasias is observed in 

intrafollicular connective tissues in inflammation.  

 The tissue bursal samples were preserved in 10 % formalin as fixative purpose to 

maintain the normal morphology of cell, in order to detect the IBDV antigen in tissue 

immunohistochemical technique used and Universal Vector stain Kit was used for 

immunohistochemical staining. The rabbit anti IBD virus antibodies were raised in rabbit to 

detect the virus in targeted tissues (Rautenschlein et al. 2007).  

2.9. Reverse Transcriptase-Polymerase Chain Reaction  

 The IBDV viral strains characterization and to determine the genetic diversity of IBDV 

was done by DNA sequencing (Islam et al. 2001).  Mostly protocols of reverse transcriptase- 

polymerase chain reaction and procedures are based on the viral protein (VP2) nucleotide 

sequences. Now Quantitative real time polymerase chain reaction new procedures published 

based on (VP1) (Raue and Mazaheri, 2003). To detect the initial stage of IBD infection new PCR 

named In Situ RT-PCR developed to determine the infection in bursa of Fabricius (Zhang et al. 

2002). Banda et al. 2004 performed the molecular characterization of different isolates of IBDV 

from several Latin American countries, including Mexico, whose standard strains were detected 

mainly with viral strains Lukert, Edgar and STC.  

 The molecular techniques (RFLP) Restriction Fragment- Length- Polymorphism and 

(RT-PCR) Reverse-Transcriptase-Polymerase-Chain Reaction were applied to detect the 

pathogenic very virulent strain of IBDV by designing new primers that hit the Vp2 nucleotide of 
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IBDV, were used for the identification and characterization of Jordanian field isolates of IBDV 

which causes severe outbreaks and diseases (Roussn et al. 2012). The RT-PCR method for the 

diagnosis of VBIA has been very consistent in recent years and the use of restriction enzymes 

has proved to be a good tool for the identification and classification of different virus strains 

identified that most of the variations among strains of VBIA occur within the hyper variable 

region of VP2 gene. Additionally, this region has shown that it codes for amino acids important 

for the tropism of the virus (Avalos-Ramirez et al. 2012). 

2.10. Serological Tests  

 The serum sample can be used to carry out the processes like Agar Gel Immuno 

Diffusion Assay, virus neutralization or Enzyme Linked Immunosorbent Assay (office 

International des Epizooties, 2004). The whole flock of broiler birds affected with IBDV as 

infection spread rapidly within birds. Only few samples of blood are required from random 

sampling of flock to check the IBDV antibodies in blood.  

 The ELISA procedure has the advantage of being a rapid test with the results easily 

entered into computer software programs. With these programs it is possible to establish an 

antibody profile on breeder flocks that will indicate the flock immunity level and provide 

information for developing proper immunization programs for both breeder flocks and their 

progeny (Lukert and Saif 2004). The exact timing of vaccination to broiler flock depends on 

serological status of flock through detecting Maternal Derived Antibodies using ELISA. 

Different factors involved in determining the optimal time estimation for vaccines 

administration, Half Life of MDAs, genetic picture, age and condition of chicks at time of 
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sample collection and immune status of breeders. The Deventer-formula used to estimate the 

exact time of vaccination, when antibodies level decline (de Witt, 1998). 

 The VN test is the only serological test that will discriminate the different serotypes of 

IBDV and it is still the method of choice to discern antigenic variations between isolates of the 

virus (Lukert and Saif 2004). 

2.11. Serum Biochemistry 

 Among the pathogenic strains of IBDV causes an acute form of the disease characterized 

by severe clinical signs and mortality in susceptible chicks. Besides, it exhibits several 

pathological changes as part of the pathogenesis of the disease which could  essentially be 

explained in biochemical changes in relation to the effect of the virus in several organ among 

others, liver and kidney (Bain, 2003). The elevation in serum concentration of AST, ALT GLDH 

and, LDH, GGT and ALP at day 3 pi and/or days 5 and 7 pi in the IBD group suggested 

pathological involvement of liver and kidney which are common sequels in IBDV infection 

especially following secondary viremia (Tesfaheywet et al. 2012).  

2.12. Control: 

2.12.1. Immunization 

 The Bursa of Fabricius (BF) plays an important role in the poultry immunity. It is an 

immunological organ. The environment conditions has the effect such as stress, poor hygienic 

conditions, vaccination effects the anatomical and physiological development of BF. (Ivan et al. 

2001) evaluated the role of avian immune organ like bursa of Fabricius in humoral immunity by 

assessing role of B lymphocytes through using specific immunoglobulin’s genes. The 
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intermediate plus (hot strain IBDV) vaccines adversely affected the lymphocytes population in 

lymphoid organs and caused necrosis of lymphocytes in bursa also targeted the b lymphocytes, 

these process followed to regeneration of immune cells population at the end.  To justify this 

statement of regeneration of lymphoid cells in immune organs, specific genes were studied. The 

expression of two genes chb1 and lewis were studied, both used for indication of b cells 

reactivation. The IBDV immune complex vaccines were used through ovo route, vaccinated 

specific pathogen free chickens and broilers with maternally derived antibodies, caused damage 

and injury to the targeted organs with atrophy of bursa. After damaging period regeneration 

phase started. The both genes chb1 and lewis indicated that b cell in bursa of Fabricius becames 

reactivated and bursa functioning as activated immune organ, played role actively in humoral 

immunity.  

2.12.2. IBDV Vaccines 

 Several IBDV vaccine types are commercially available (Winterfield et al. 1972). In 

terms of virulence these vaccines range from “mild” to intermediate and intermediate- plus (hot). 

Lemiere (2013) normally combined vaccination done to the breeder for IBDV, one dose of oil 

adjuvant inactivated vaccine with other vaccine in combination was given. This vaccine is used 

against the IBD. The most common way to immunize the breeders so far is by priming it by 

using one or several IBD vaccine. 

 In poultry immune system response, bursa of Fabricius played important role. It is a 

immunological organ. The developments of Bursa of Fabricius were affected by the different 

environment factors such as environmental stress, poor ventilation, poor hygienic condition, bad 

management, improper vaccination strategies and mycotoxin in feeds. Azhar et al. 2012 
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conducted one experiment to estimate the efficacy of different live vaccines of IBDV (mild, 

intermediate strain and hot strain) and evaluated the response of different vaccines against IBD 

in terms of humoral immunity and also determined development and damaging response of 

vaccines for immune organs. He used three different vaccines in experiment intermediate plus 

(hot strain) 228E and Bur 706 and mild strain IBD vaccine gumboral ct. Two hundred and fifty 

birds divided in four groups, and birds were vaccinated at 15th day of age with different IBDV 

vaccines. The antibody titer was checked and compared between different treatment groups 

through indirect hemagglutination test. The highest humoral antibody titer was observed in 

groups vaccinated with intermediate plus strain 228E and Bur 706 on twenty fifth day of post 

vaccination as compared to other group vaccinated with mild strain. The severe damage and 

injurious effect of hot strain vaccines were observed on immune organs. The protective efficacy 

was highest in IBDV vaccinated groupd as compared to control group.  So it was resulted, that 

vaccines with high virulence provided higher humoral immunity and protection against field 

IBDV virus but these were adversely affect the immune organs as compared to low virulence 

strains. Boudaoud et al. 2008 also reported immunodepressive effect of hot starin IBDV 

vaccines.  Higher humoral antibody level was estimated by intermediate PLUS IBDV vaccines 

(Al Zubeedy, 2009).  

2.12.3. Intermediate Vaccines 

 Since the response to intermediate vaccines is less affected by maternal antibodies they 

are superior to the “mild” vaccine in providing immunity to commercial chickens with maternal 

antibodies. Adene et al. 1989 studied the progeny chicks of five day old from breeders and 

described neutralizing antibodies through single dose of vaccination to breeders unlike 

progenies. These chicks received the primary and booster doses of live vaccine of infectious 
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bursal disease. At twenty two day of age all chicks in two groups were serologically negative as 

all vaccinated with IBDV at 7th or 14th day of age.  

 The chicks that were vaccinated at 7th day of age were showed serologically positive 

response on 32 day of post vaccination. The birds that were vaccinated at 7th day of age showed 

significantly lower mortality and less damage to lymphoid tissue after challenge as compared to 

the chicks vaccinated at 14th or 28 days of age. So it was resulted from experiment that IBD 

vaccination on 7th day of age provided better results like protective antibody titer, low mortality 

and less damage to bursal tissue as compared to other group vaccinated at14th and 28 day of age. 

Similarly (Haddadet al. 1997) conducted two experiments to test the effect of live IBDV 

vaccines in birds with maternal IBDV immunity. The IBDV vaccine was formulated by mixing 

IBDV strain 2512 with bursal disease antibodies (BDA) to produce the IBDV-BDA complex 

vaccine. In Expt. I, 1-day-old Cobb x Cobb broiler chickens were vaccinated subcutaneously 

with either IBDV-BDA or commercial live intermediate IBDV vaccine (vaccine A) or were left 

unvaccinated. In Expt. 2, the vaccine A group was not included; instead, IBDV strain 2512 was 

included. Chickens were maintained in isolation houses. On day 28 (Expt. 1) and day 32 (Expt. 

2) of age, chickens from each group were challenged with a standard USDA IBDV (STC strain) 

challenge. Challenged and unchallenged chickens were evaluated for their bursa/body weight 

ratios and antibody titers 3 days post-challenge. Bursae collected from Expt. 2 were examined 

histologically to evaluate bursal lesions and confirm gross examination. None of the 

unvaccinated chickens was protected against the challenge virus as evidenced by the presence of 

acute bursal lesions (edema/hemorrhage). All chickens receiving the IBDV-BDA complex or the 

IBDV strain 2512 (Expt. 2) were protected from the challenge virus as evidenced by no acute 

bursal lesions. Additionally, chickens receiving the IBDV-BDA complex vaccine or the IBDV 
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strain 2512 had antibody titers to IBDV, indication the presence of an active immune response. 

In Expt. 1, chickens vaccinated with vaccine A and challenged had bursal lesions similar to those 

observed in the unvaccinated, challenged chickens. These chickens also showed no indication of 

active immunity against the virus. These results suggest that the 1-day-of-age-administered 

IBDV-BDA complex vaccine can induce active immunity and protection against a standard 

IBDV challenge in the face of variable levels of maternal IBDV immunity. Bolis et al. 2003 

described the effects of intermediate plus IBDV vaccine 228E and hot strain IBDV vaccine 

Moulthrop G603 used in meat type chicken and birds were infected with very virulent strain of 

IBDV after vaccination. The samples of blood and tissue bursal samples were collected every 

week from day 1 to 42 of age. So it was reported that total bursa to body weight index, total body 

weight ratio, humoral antibody titer and total bursal weight, these all parameters were not 

justified the estimation of the protective efficacy of different IBD vaccines before and after 

challenged with very virulent strain of IBDV.  The strong strain of IBDV Moulthrop G603 was 

quantitatively tested through lymphoid follicle depletion, injury and lesions on immune organs, 

histological lesions observed in one vaccinated bird on 14th day of post vaccination out of seven. 

On other side intermediate plus vaccine 228E caused no specific damage grossly and 

histologicaly to bursal tissue.  

The strong type IBDV vaccines provided high protection in birds when challenged with very 

virulent IBD virus. After this experiment, it was resulted that damages produced through IBD 

vaccinal strains can be estimated by evaluating histological lesions and also determined the 

protection and immunodepression produced in IBD vaccinated birds after challenged with very 

virulent virus.  

2.12.4. Vector Vaccines 



REVIEW OF LITERATURE 

 19 

 Van Den Berg (2000) stated that VP20and0VP3 are the major0structural proteins, 

forming the0outer and inner0capsid of the virus, respectively.  The chicks born from breeders 

that were vaccinated with IBD Vector Vaccines HVT had higher humoral immunity against very 

virulent IBDV as compared to the other group of breeders vaccinated with inactivated IBD 

vaccine. So IBD Vector vaccines were better than inactivated vaccines.  

 IBD Vector vaccines HVT injection in ovo, provided higher level of maternally derived 

IBD antibodies and better humoral immunity that were transferred from parents flock to the 

progeny and provided higher protection from bursal damage when challenged with very virulent 

IBDV. Modified Live Vaccines sometimes are not absolutely effective against vvIBDV, when 

they are administered in presence of considerable MDA titres. Furthermore they can provoke 

temperate to brutal bursal lesions and immunosuppression that can impair a chicken’s response 

to other vaccinations. 

 Bublot et al. (2007) stated that the mode of replication of HVT vector perhaps all add to 

ability of this vaccine to rise above MDA. Van den Berg (2000) investigated that 

Classical0serotype 1 vaccines0still provoke good shelter, but the actual0problem for control of 

the disease0has became0the hindrance0of maternally derived0antibody in the establishment of 

the0vaccination schedule. The new vaccine that provides better protection and high efficiency in 

the0presence of maternally derived0IBDV titres was obligatory (Bublot et al. 2007). 

 The DNA vaccination by placing Vp2 in DNA plasim provided efficient protection 

against IBDV virus infection. Chang et al. 2003 estimated the efficacy of DNA vaccine by 

interacting the latest segment of infectious bursal disease virus (IBDV) genome & Vp2 gene with 

DNA vector, checked the protective efficacy of this DNA vaccine against IBDV. The IBDV 
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genome larger segments viral proteins and their segments were optimized through reverse 

transcriptase polymerase chain reaction and cloned in DNA (plasmid vector) for formation of 

DNA vaccines.  The impression of cloned genes in different vector plasmids were evaluated 

through immunofluorescent staining. 

2.12.5. Immunecomplex Vaccines 

 The effect of immune complex vaccine on memory B cells enhancement and maturation 

increased the usage of these vaccines. One immune complex vaccine formed by mixing hyper 

immune IBDV antibody serum with live intermediate strain of IBDV. This immune complex 

vaccine developed and checked their effect in poultry field trials. The potential of such immune 

complex vaccine was evaluated by Jeurissenet al. 1998. The infectivity and damaging effect of 

this vaccine was evaluated through estimation of damage to target organs and spreading and 

replication efficiency of virus in targeted organs. In ovo inoculation of immune complex vaccine 

and other native IBDV vaccine after eighth day of incubation, multiplication of IBDV was 

checked in mononuclear cell and b lymphocytes of immune organs (Thymus, spleen and bursa of 

Fabricius) through immunocytochemistry technique. The IBDV viral antigen was detected in 

mononuclear cells like macrophages, lymphocytes and plasma cells of immune organs spleen, 

thymus and bursa. The lower level of lymphocytic depletion of bursa of Fabricius and lymphoid 

cells of spleen were observed in chicken vaccinated with immune complex vaccine as compared 

to other vaccinated group. The inoculation of immune complex vaccine through ovo route was 

enhanced the germinal centers production in spleen. So through immunocytochemistry IBDV 

was detected in bursal and splenic dendritic cells. So this was concluded from this experiment 

that IBDV immune complex vaccine interacted at cellular level with dendrictic cells of bursa and 

spleen. 
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 At the end of 1980s the very virulent infectious bursal disease strain made necessary for 

development of sufficient vaccines for complete protection of poultry industry. For this, 

(Kelemenet al. 2000) evaluated the immunogenic effect of different IBD vaccine, mild IBD 

vaccine (G 87), Intermediate IBD vaccine (LIBD) and intermediate plus IBD vaccine (IBDV 

2512). These strains of different mild, intermediate and intermediate plus vaccine were checked 

through ovo inoculation in 18 day old specific pathogen free and broiler bird embryos. No 

immune difference was observed in inoculated embryo and control in hatching wt and rate. The 

intermediate plus IBDV vaccines were more damaging effect on immune organ of chicken and 

damages lymphoid cells. The Newcastle disease vaccine induced at one day of age in specific 

pathogen free chicken produced antibody titers estimated through hemagglutination inhibition 

(HI) test interfered with IBD vaccine effect in broiler birds no such effect observed. The 

protective antibody titer against IBDV was not reduced by decreasing hemagglutination 

inhibition titers. In ovo vaccination with intermediate plus strain of IBDV (IBDV-2512) in 

broiler embryos, produced protective humoral antibody titer and also provided the protection to 

chicken against IBDV up to three weeks of age. So it was resulted from the experiment 

intermediate plus IBDV vaccines can be used in hatcheries through ovo rout for better protection 

against IBDV.  

2.12.6. Measurement of immunity after Vaccination 

In chicken immunity level can be estimated through determine the weight of lymphoid 

tissues (Heckert et al. 2002). The assessment of bursa0weight and the purpose of bursal0index 

(bursa weight divided by total body weight ratio) mostly used to0estimate protection0rate 

given0by vaccines against0IBD (Bolis et al. 2003). 
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 Lymphoid0organ0weights are easily0measured, indicated the capability of body and also 

indicated immune response capability against infection. Bursal weight provided best indication 

about the activeness of immune system. As density0increased, bursa0weight and0BI was 

decreased0significantly. Problems in the barn0environment may be the0cause of the small0bursa 

since0stress can also decrease0bursa size (Heckert et al. 2002; Bennett et al. 2006). 

Statement of Problems 

 Tissue tropisms of the selected IBDV field isolates for the lymphatic and non lymphatic 

organs for their transmission and dissemination in the body can be evaluated through clinico-

pathological assessment using immunohistochemistry and RT-PCR. 

The objectives of present study are:  

1. To identify the infectious bursal disease virus from tissue field samples  

2. To study the pathogenesis and tissue distribution of isolated virus in commercial and 

specific antibody negative (SAN) chicken on the basis of histopathological changes in 

different morbid tissues. 

3. To confirm the antigen in infected tissue through Immunohistochemistry technique and 

RT-PCR. 

4. To compare the efficacy of commercial IBD vaccine against local field isolate through 

challenge.  
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CHAPTER 3 

MATERIAL AND MEHODS 

 

Experiment No. 1 

Isolation and Identification of Infectious Bursa Disease Virus from field Tissue Samples 

3.1. Sample Collection 

 The present project was designed to study the pathogenesis and molecular diagnosis of 

Infectious bursal disease virus (IBDV).  For this purpose, a total of 100 samples of Bursa of 

Fabricius were collected from broiler poultry flocks on reported outbreaks by field veterinarians 

and from the farmers visiting Postmortem Section of Pathology Department and University 

Diagnostic Lab (UDL), University of Veterinary and Animal Sciences, Lahore, Pakistan, for the 

purpose of postmortem and lab-based disease diagnostics. During the samples collection, 

detailed information regarding age, breed, and history of previous disease outbreak, vaccination 

and treatments were recorded. The collected samples were properly labeled and preserved under 

refrigeration. The collected samples were processed for histopathology, molecular diagnosis and 

virus isolation. Gross lesions were observed after postmortem and tissues samples were collected 

for histopathological examination and preserved in 10% buffered formalin (Hamoud et al. 2007).  

3.2.Isolation of virus  

 The Bursae were divided into three groups. One group of bursa of Fabricius processed for 

virus isolation while second group of bursa were preserved for molecular and serological 

identification, and third group were preserved for histopathological study. Bursa of Fabricius 

were triturated using phosphate buffered saline (PBS) and 0.1ml of triturate was injected in 16 

embryonated chickens eggs (9 day of age) via chorio-allointoic membrane (CAM) route while 5 
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embryos were taken as control. Candling was performed on daily basis and any mortality up to 

48 hrs was discarded, however; dead embryos after 48 hrs were used for further processing. 

Embryos along with CAM were collected, triturated and again inoculated in 9 day old chicken 

embryonated eggs (2nd passage). Similarly three passages were given to each isolate presenting 

the respective groups (Tesfaheywet et al. 2012) 

3.3. Identification: 

 The IBDV was identified from bursal tissue and triturates of passages (CAM, allointoic 

fluid and infected embryos) through agar gel precipitation test by the method of Okwor et al. 

(2011) with few modifications to check the antigen-antibody response specific for IBD virus. 

IBD virus also identified through Reverse transcriptase polymerase reaction.  

3.3.1. Agar gel precipitation test (AGPT) 

 Briefly described, 6 wells were made (with a central well surrounded by 5 wells in a 

circle) using sterilized well cutter in an immunodiffusion plate containing 1% Nobel agar 

prepared in PBS having a PH of 7.2. The triturated sample was added in the surrounding wells 

with known IBD hyperimmune serum in the central well. The plate was incubated at 37oC and 

observed under diffused light at 24, 48 and 72 hrs interval for the presence of line of 

precipitation between central and any surrounding wells. 
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3.3.2. Molecular Identification using RT-PCR 

3.3.2.1. RNA Extraction  

 TriZol reagent was used for viral RNA extraction from chorio-allointoic membrane, 

bursal tissue samples according to instructions (Invitrogen, Carlsbad. USA).  

i) A total volume of 250 µl of chorio-allointoic membrane (CAM) was collected in a 1.5 

mL eppendorf, 750 µl of Trizol was added and then vortexed for 15 seconds. The 

eppendorf was then incubated at room temperature for 10 minutes. 

ii) Pulse spanned to remove the liquid from the tune lid. 

iii) 200 µl of chloroform (100%) was added to the sample, samples were mixed by using 

vortex.  

iv) After 10 minutes of incubation, centrifugation was carried out at 12,000g for 15 minutes 

at room temperature. 

v) New eppenorf tubes were labeled according to the corresponding number. 

vi) 450 µl of upper aqueous layer was shifted to other eppendorf. 

vii) Isopropanol 500 ul was mixed with upper aqueous layer in eppendorf, inverted tubes 

several times for proper mixing of solution and after that put for 10 mints incubation. 

viii)  Supernatant was discarded. 

ix) 1 mL of 80 percent ethanol was added to the pellet and mixed gently. 

x) The tubes were then centrifuged at 10,000g for 5 minutes at 4 ºC. 

xi) Ethanol was discarded and inverted the tube on a clean tissue wipe and allow to air dried 

for 10 minutes.  

xii) 50uL of RNase free water was added to pellet and briefly vortexed to resuspend pellet. 
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3.3.2.2. Microvolume nucleic acid quantification by Nanodrop 2000c spectrophotometer  

 NanoDrop was used for the analysis of RNA both to quantify the RNA concentration and 

to determine its purity. Thermo Scientific NanoDrop™ 2000/2000c Spectrophotometer measure 

0.5- 2 µl samples with high accuracy and reproducibility. To conduct analysis of RNA using 

NanoDrop. 

3.3.2.3. cDNA synthesis 

 cDNA was synthesized using eluted RNA with transcriptor first strand cDNA synthesis 

Kit® (Fermantas, USA) according to manufacturer’s instructions. 

a) Extracted viral RNA, dNTP and Oligo primer (50 μM) (dT)20, random primer 50ng/ul, mixed 

and combined  in PCR tube 0.2ml with DEPC water up to volume of 12ul. 

b) Tube incubated for five minutes at 650C for denaturation of extracted RNA and primer, after 

that tube put on ice box.  

c) 5X cDNA syntheses Buffer was ready before use by general vortexing for few seconds and 

put on ice block.  

d) Master mix of 8 μl added in tubes on ice block. 

e) For appropriate cDNA synthesis, prepared solutions in tubes were shifted to thermal cycler 

and specific temperature and incubation provided. For Oligo primer provided 30 to 60 mints 

at 50-60 0C, For gene –specific primer 30 to 60 mints at 50-60 0C and for Random-hexamer 

primer provided temperature 25 0C for 10mintsOligo(dT)20 primed: 30-60 min at 50°C (or 

50-60°C) Gene-specific primed 30-60 min at 50°C (or 50-65°C) Random-hexamer primed: 

25°C for 10 min. 

f) The thermo cycler reaction stopped after final incubation at 850C for five mints. 
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g) 1 μl of RNase H added and incubated at room temperature for 20 min.  

h) Complimentary DNA (cDNA) was saved for PCR reaction at (-200C). 

3. 3.2. 4. Polymerase chain reaction (PCR) 

 Extracted DNA amplified using specific VP2 gene primers set (Table 3.1) for 

confirmation of IBD virus (Lone et al., 2009). A total of 50μL reaction mixture was prepared by 

using 5μL cDNA, 5 μl 10x PCR buffer, 5 μl 10 mM dNTPs, 2 μl of each primer (10 pmol/μl), 

0.5 μl Taq DNA polymerase (5U/μl) and 30.5μl of Nuclease free water (DEPC, Invitrogen, 

USA) (Table 3.2). 

Table 3.1: Primer sequences for VP2 genesamplification. 

 

Primer Sequence (5’---------3’) Primer length 
Product 

size 

F GCCCAGAGTCTACACCAT bp 

 743bp 

R CCCGGATTATGTCTTTGA bp 
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Table 3.2: PCR reaction mixture for VP2 genes amplificatio 

Reagents Volume (µl) 

Template 5 

Forward Primer 2 

Reverse Primer 2 

10x PCR buffer 5 

10 mM dNTPs 5 

Taq DNA polymerase (5U/μl) 0.5 

DEPC 30.5 

Total volume 25 

 

 The amplification of gene was carried out according to the following program, initial 

denaturation at 95 ºC for 4 minutes, final denaturation at 95 ºC for 2minutes, annealing done at 

56 ºC for 20 sec, first extension was done at 72ºC for 2minutes and last extension at 72 ºC for 7 

minutes (Table 3.3). 
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Table 3.3: Thermo cycler conditions for VP2 genes amplification 

Stages PCR Conditions Cycles 

Initial Denaturation 95oC for 2 min 1 

Denaturation 95oC for 30sec 

30 Annealing 56oC for 20sec 

Extension 72oC for 2min 

Final Extension 72oC for 7min 1 

 

3.3.2. 5. Detection of PCR Amplicons 

 Positive polymerase chain reaction was confirmed after running on Gel Electrophoresis. 

Agarose gel 1.5 % was prepared (Annexure-1) and placed in the electrophoresis tank filled with 

1X TAE Buffer. 5 μL of PCR products with 3 μL loading dye (6X) was loaded in the wells. 1 μL 

of molecular weight marker (DNA Ladder of 100bp) was added to one of the well. A charge of 

110 volts/300 Amp was passed through the gel for 30 minutes. The gel was then viewed in Gel 

documentation system in ultra violet light (Bio-Rad, USA) and picture was saved for record. 

3.3.2.6. Sequencing and analysis 

 To identify the strain of IBDV existed in field, DNA sequencing of RT-PCR was done 

using amplicon targeted VP2 gene forward primers. The obtained DNA sequence was utilized 

for the homology analysis through NCBI-BLAST and the comparative analysis of the obtain 

DNA sequence with the already reported DNA sequences available in NCBI Data Bank was 

done. Phylogenetic tree was constructed using Tree view software (Sara et al. 2014).  
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3.3.3. Titration of the Virus 

 Embryo infectious dose 50 (EID 50) of isolated field infectious bursal disease virus was 

estimated according to the method described by Reed and Muench (1938). For IBDV inoculation 

nine to ten day old embryonated chicken eggs were used and virus was inoculated through 

chorioallantoic membrane route (CAM). Serial dilution of the virus suspension was made in 

sterile normal saline. Sixty embryonated eggs were taken and groups of five eggs were marked 

from 101 to 10-7. 

 The 0.1ml from each viral dilution was inoculated in embryonated chicken eggs. Normal 

saline was inoculated in ten eggs served as control eggs. Embryonated eggs were sealed with 

wax after inoculation and after that incubated at 37C0. Candling was performed daily to check 

the live and dead embryos. Embryos showed mortality during first 24 to 48 hours were 

discarded. Only those embryos were checked and processed which showed mortality after 48 

hours.  

Calculation: 

%infectivity at dilution next above 50% -50 

Proportional distance= ----------------------------------------------------------------------------------------- 

%infectivity at dilution next above 50% -%infectivity at dilution next below 50% 
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Experiment No. 2 

3.4 Pathogenesis of Infectious Bursal Disease Virus 

3.4.1 Experimental Design 

 Two hundred day old broiler chicks were procured and reared under standard housing 

conditions in University of Veterinary and Animal Sciences, the birds were fed with 

commercially prepared feed. The humoral antibody titer against IBD of reared birds were 

checked through Enzyme linked immunosorbent assay in order to check the status of maternally 

derived antibodies both in commercial broilers and Specific antibody negative (SAN) chicken at 

0day. The SAN chicks were serologically negative for IBD. The birds were divided into 4 groups 

(A, B, C and D), fifty birds in each group. The birds in group A were commercial broiler chicks 

having maternal derived antibodies and were challenged with IBDV field isolate at the rate of 

0.1ml of EID50 (virus titer 105.50/100μl) on 2nd week of age through eye drops (Abdel-Alim and 

Saif, 2001). Group B SAN chicks were challenged with same dose at 2nd week of age. While the 

group C and D were unchallenged control containing commercial and specific antibody negative 

chicks (Table.3.4) 

 The general conditions of the challenged birds were checked, clinical signs and 

symptoms and all observations were recorded. On 3rd, 5
th

, 9
th 

and 14
th 

day post infection, five 

birds were selected from different groups and slaughtered, gross and histological changes were 

estimated.  Lymphoid organs Bursa of Fabricius, spleen and thymus and non lymphoid organs 

kidney, liver and lungs were collected for histopathology, Immunohistochemistry and Viral 

genome detection by RT-PCR.  Blood samples were collected for serum biochemistry.  
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Table 3.4: Experimental Design Division of Groups infection 

Groups Chicks 

Per 

Group 

Type of 

Chicken 

Dilution 

and day of 

inoculation 

of Virus 

Sampling 

Time of 

post 

infection 

Organs 

Collected 

Lymphoid 

Organs 

Non- Lymphoid 

Organs 

A 50 Commercial 

Broiler 

Chicks 

105.50  at 2nd 

week 

3rd, 5th , 

9th and 

14t Day 

Bursa, 

Spleen, 

Thymus 

Kidney, Lungs, 

Liver 

B 50 SAN Chicks 105.50 at 2nd 

week 

3rd, 5th , 

9th and 

14t Day 

Bursa, 

Spleen, 

Thymus 

Kidney, Lungs, 

Liver 

C 50 Control 

Commercial 

Broiler 

Chicks 

Control 

without 

infection 

3rd, 5th , 

9th and 

14t Day 

Bursa, 

Spleen, 

Thymus 

Kidney, Lungs, 

Liver 

D 50 Control of 

SAN 

Control 

Without 

Infection 

3rd, 5th , 

9th and 

14t Day 

Bursa, 

Spleen, 

Thymus 

Kidney, Lungs, 

Liver 

SAN: Specific Antibody Negative 

 

3.4.2 Clinical observations and tissue sampling 

Clinical observations and tissue sampling 

 All birds were observed twice daily throughout the trial. Clinical signs were observed and 

all the birds were necropised immediately after death (due to challenge). Gross pathology of the 

organs was recorded and tissues from the lymphatic organs of chickens including thymus, bursa 

of Fabricius, spleen and Non lymphatic organs including  liver, lung, intestine and kidney were 

collected (Table.3.4). 
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3.4.3 Histopathological examination 

 On day 3rd, 5th, 9th and 14th of post infection, from each group five birds were slaughtered, 

gross and histopathological lesions on lymphoid organs bursa, spleen and thymus and non 

lymphoid organs lungs, kidney and liver in different groups were observed and tissue samples 

were preserved in 10% formalin for histopathological study (Subtain et al. 2011). These tissues 

samples were processed with standard techniques for fixation, dehydration, clearing, embedding, 

sectioning and staining (Drury and Willington 1980).  

1. Fixation 

 All steps were labeled with permanent marker to avoid any mistake in the steps.  

i. After slaughtering tissues were fixed in fixative in order to maintain the morphology of 

tissue. 

ii. The 2/3 rd chamber was filled with 10% neutral buffered formalin (NBF). 

iii. 0.5–1 cm centimeters of each part of the selected tissues were collected from birds and 

fixation of tissues was carried out by placing them in 10 percent Neutral buffered 

formalin (NBF) at necropsy in pre-labeled containers and allowed to fix for 24 hours. 

2. Washing: Under running tap water for 3 hours. 

3. Dehydration 

 After fixation, removal of water from tissue was performed, this process called 

dehydration. Dehydration was performed in steps and tissues were placed in ascending grades of 

ethyl alcohol for dehydration (for water removal). Tissue capsules were passed in the series of 

solutions. For complete dipping of tissues, 50ml of fresh solutions were taken in jars. 

i) 50% ethyl alcohol   1 hour 
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ii) 70% ethyl alcohol   1 hour 

iii) 80% ethyl alcohol   1 hour 

iv) 90% ethyl alcohol   1 hour 

v) 100% ethyl alcohol   1 hour 

4. Clearing: Then the samples were dipped in pure Xylene for clearing. 

i) Pure Xylene  3 hours  (twice, for 3 hours each time) 

5. Wax Embedding and Block preparation 

Paraffin wax embedding 58 °C for 6 hours (repeated twice). After embedding, the blocks 

were made by using steel moulds and plastic blocks. The prepared blocks were then stored in a 

freezer until sectioned. 

6. Sectioning  

The blocks were cut by microtome. The thickness of sections was maintained at 3-5 

micron depending upon nature of tissue. The fine sections were allowed to float on a hot water 

bath at 45 °C.  

7. Mounting sections on microscope slides 

Slides were labeled at one end with name of tissue, group number and hours of sampling 

and the floating sections were stretched and lifted on clean glass slides already smeared with a 

thin film of Mayer’s egg albumin. The tissue slides were placed in upper direction facing tissue 

and put the slides in box for drying. 
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Haematoxylin and Eosin Staining Technique 

The sections were stained by the Haematoxylin and Eosin (H & E) staining method, 

following the steps mentioned below. 

i. Deparaffinization 

The tissue sections were treated with Xylene to remove paraffin wax. 

Xylene I   5 minutes 

Xylene II   5 minutes 

ii. Then sections were passed through descending strengths of ethyl alcohol: 

a. Absolute ethanol   3 minutes 

b. 95% ethanol  3 minutes 

c. 80% ethanol  3 minutes 

d. 70% ethanol   3 minutes 

iii. Hydration 

1. Tap water  1 minute 

2. Distilled water 4 minutes 

iv. The sections were then immersed in Haematoxylin to stain nuclei for 2 minutes 

v. Then sections were given 4 dips in distilled water. 

vi. The slides were given 6 dips in acid alcohol in order to remove any haematoxylin 

from the cytoplasm of cells (Differentiation/Decolorization). 

vii. Then slides were given 4 dips in distilled water. 

viii. The slides were given 2 dips in Ammonia water to restore blue color of nuclei. 

ix. Then slides were given 4 dips in distilled water. 
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x. The sections were immersed in Eosin in order to stain the cytoplasm red (counter 

staining) for 3 minutes. 

xi. As the usual permanent mounting materials are immiscible with water present in 

the tissues so water was removed by passing the slides through ascending strength 

of ethyl alcohol (Dehydration). 

1. 90% ethanol for  1 minutes 

2. 95% ethanol for  1 minutes 

3. 100% ethanol for  1 minutes 

xii. The permanent sections must be transluscent and therefore, the slides were 

immersed in Xylene (Clearing), the Xylene being miscible with mounting 

medium: 

Xylene I: (two dips in pure xylene) 

 The sections were mounted in DPX and the stained slides were then examined under 

different magnifications for prominent lesions. 

3.4.4. Immunohistochemistry (IHC) of collected tissues 

 Paraffin-embedded tissue sections were mounted on positively charged Superfrost Plus 

glass slides. INVITROGEN Super Picture™ 3rd Gen IHC Detection Kit Cat. No. 87893 was 

used for immunohistochemistry of tissues according to the manufacturer instruction procedure. 

3. 4.4. 1. Producing Primary Antibodies 

 To raise hyper immune sera ten (10) healthy adult rabbits (male) were taken from the 

market around the area of Lahore. The serum samples were collected and checked by Enzyme 

Linked Immunosorbent assay (ELISA) test for antibodies against IBDV and found zero. The 
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inoculums was prepared with IBDV virus with an adjuvant, injected subcutaneously (s/c) @ 0.2 

ml per rabbit and bled periodically to check the antibody titer in their serum against IBDV 

through ELISA (Samiullah et al. 2006). 

Table 3.5: Hyper-immune sera raising schedule of IBDV virus in rabbits 

Inoculation day Quantity of inoculum (ml) 

Day Zero 0.2 

7th 0.2 

15th 0.2 

30th 0.2 

45th 0.2 

 

3. 4.4. 2 Slide preparations 

 Slides were coated with HistoGrip™ (Invitrogen Cat. No. 00-8050). 

Procedure:  

1. For one to two minutes tissue slides were put in to HistoGrip solution or give ten to 

twenty dips in solution. 

2. Rinsed the slides in distilled water and gave ten dips in water.  

3. Slides were dried in air or placed in oven at 600C for one hr.  

4. Slides were stored in clean box.  

  



MATERIAL AND METHODS 

38 

3. 4.4. 3. Staining protocol 

 Tissue sections were prepared according to procedure mentioned above for the 

histological examinations but for the immunostaining, tissue sections were mounted on Histogrip 

treated glass slides. Deparaffinization of tissue sections were done with xylene and rehydration 

of tissue sections were performed by dipping in series dilution of ethanol. Following procedure 

was used for immunostaining. 

i. Peroxidase Quenching solution, two drops approximately 100ul was poured on tissue 

slide completely spread on tissue and gave five minutes incubation. 

ii.  Washed the slide with distilled water for one time and then two times rinsed with PBS 

for 2 minutes. 

iii. 2 drops (100μl) of Primary antibody properly spread over the tissue section and incubated 

at room temperature for 60 minutes or enough to completely cover the tissue was applied 

to each section and incubated it in moist chamber for 60 min. 

iv. Then 2 drops (100 μl) of HRP polymer conjugate was applied to each section and 

incubated the slide for 10 minutes. 

v. 3 times rinsed with PBS for 2 minutes. 

vi. 1 drop (almost 30 µl) of DAB Chromogen (Reagent C2) was added and mixed well to 1 

ml DAB Substrate Buffer (Reagent C1).  

vii. 100 µl of DAB chromogen solution prepared in 6th step was applied to each section of 

tissue on slide and incubated it for five minutes. 

viii. Washed the slides with tap water for two minutes. 
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Counter stain 

 The counter staining was done with haematoxylin. 

3. 4.4. 4. Preparing permanently mounted sections 

 To permanently mount the sections under a cover slip, Permount (Fisher Scientific) 

mounting resin was used. 

i. On tissue section two to three drops of resin were poured. 

ii. Cover slip placed slowly at one end of droplet in order to avoid the air bubbles.  

iii. After that slide placed in slide warmer for 24 hours. 

iv. After twenty four hours slides were removed from slide warmer and cut the extra 

medium around the cover slip by razor blade and cleaned the slide.  

3.4.5. Serum Biochemistry 

3.4.5.1. Collection of Sera 

 From each group five birds were selected for blood collection. Blood samples were 

collected from group A, B, C and D on 3rd, 5th and 7th day of post infection, three mL of blood 

was collected from birds of each group via jugular vein or intra-cardiac route using a 23 G 

needle and 3.0 ml syringe. At room temperature collected blood was allowed to clot and serum 

was separated. The collected serum samples were stored at -20Co till further use as described by 

Ahmed et al. (2003). Total protein (TP), albumin (ALB), Aspartate Aminotransferase (AST), 

Alanine Aminotransferase (ALT), and Alkaline Phosphatase (ALP) values were measured by 

chemistry analyzer. 
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3.4.5.1.1. Liver Function Test (LFT) 

 In liver function test (LFT) hepatic serum enzyme levels of Alkaline Phosphatase (ALP), 

Aspartate Aminotransferase (AST), Alanine Aminotransferase (ALT), Total Protein and 

Albumin were analyzed by chemistry analyzer (URIT-800) to determine the changes in their 

levels as a result of IBD virus  (Tesfaheywet et al. 2012). 

3.4.5.1.2. Estimation of Alkaline Phosphatase (ALP) 

 Estimation of Alkaline phosphatase was done using “Human kit”. The method is 

described as under 

Reagents 

1- Buffer (BUF) 

Diethanolamine buffer (pH 10.35 ± 0.2)   1.25 mol/L 

MgCl        625 mmol/L 

2- Substrate (SUB) 

p-Nitrophenyl phosphate     50mmol/L 

3- Serum Sample 

Procedure 

 2ml from substrate bottle (SUB) was pipetted into one buffer bottle (BUF) and mixed 

thoroughly to make working reagent. Working reagent was kept light protected at 15-25 °C. 20ul  

serum sample and 1000ul working reagent were added into cuvette and mixed at 25 °C and after 

1 min absorbance was read against air at 405nm wavelength at 25 °C.  
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3.4.5.1.3. Estimation of Alanine Aminotransferase (ALT) 

Estimation of Alanine Aminotransferase was done using “Human kit”. The method is 

described as under: 

Reagents 

1- Buffer/ Enzyme reagent (BUF) 

TRIS buffer (pH 7.4)    125mmol/L 

L-alanine     625mmol/L 

LDH      >1.5kU/L 

Sodium azide     0.095% 

2- Substrate (SUB) 

2-oxoglutarate     75mmol/L 

NADH      0.9mmol/L 

Sodium azide     0.095% 

3- Serum Sample 

Procedure 

2ml from substrate bottle (SUB) was pipetted into one buffer bottle (BUF) and mixed 

thoroughly to make working reagent. Working reagent was kept light protected at 15-25 °C. 

200ul serum sample and 1000ul working reagent were added into cuvette and mixed at 25 °C 

and after 1 min absorbance was read against air at 365 nm wavelength at 25 °C.  
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3.4.5.1.4. Estimation of Aspartate Aminotransferase (AST) 

Estimation of Aspartate Aminotransferase was done using “Human kit”. The method is 

described as under: 

Reagents 

1- Buffer/ Enzyme reagent 

TRIS Buffer (pH 7.9)     100 mmol/L 

L-aspartate      300 mmol/L 

LDH       >1.13 kU/L 

MDH       >0.75 kU/L 

Sodium azide      0.095% 

2- Substrate 

2-oxoglutarate      60 mmol/L 

NADH       0.9 mmol/L 

Sodium azide      0.095% 

3- Serum sample 

Procedure 

 2ml from substrate bottle (SUB) was pipetted into one buffer bottle (BUF) and mixed 

thoroughly to make working reagent. Working reagent was kept light protected at 15-25 °C. 

200ul serum sample and 1000ul working reagent were added into cuvette and mixed at 25 °C 

and after 1 min absorbance read against air at 365 nm wavelength at 25 °C. 
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Experimental No. 3 

3.5. Comparative Efficacy Of Commercial Ibd Vaccine Against Field Isolate 

3.5.1. Experimental Design 

3.5.1.1 Vaccination 

 A total of 200 day old broiler chicks were obtained from Big Bird, Lahore, Pakistan.  

Birds were floor reared on separate disinfected rooms and commercial starter balanced ration. 

Feed and water were given at libitum. The 200 birds were distributed in 4 groups with 50 birds 

each. Groups A, B and C were vaccinated with infectious bursal disease vaccine while group D 

was unvaccinated. 

Group A was vaccinated with Bursaplex at one day of age, while group B & C were 

vaccinated with conventional IBD vaccines D78 and 228E at 20th and 16th day of age according 

to Deventer formula. Group D was unvaccinated control group. 

3.5.1.2 Deventer Formula 

 The Deventer formula was used for estimation of optimal time for IBD vaccination (de 

Witet al. 1998) in which bird (%) is the titer of the bird (at sampling) that represents a certain 

percentage of the flock (in this study, 75%). 

Vaccination age = {(log2 titer bird% - log2 breakthrough) x t½} + age at sampling + 

correction 0 – 4 

3.5.2 Sample Collection 

 Five blood samples were collected from each group on weekly from day 7 till 35 of age. 

The blood samples were collected from treatment groups and labeled separately, collected 
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samples were allowed to clot and serum was separated from clotted samples. The serum samples 

were stored at -200C for further processing of tests (Ahmed et al. 2003) 

3.5.3 Relative Weight of the Bursa of Fabricius 

 Five birds from each treatment groups were randomly weighted and slaughtered on 7, 14, 

21, 28 and 35 day of age. Bursa of Fabricius (BF) was immediately weighed after being 

removed. BF relative weight was calculated: Bursa of Fabricius weight divided by total  bird 

body weight (BBW) multiplied by 1000 as described by (Debnath et al. 2005). 

3.5.4 Bursometry 

 Five birds of each group were slaughtered and diameter qualitative measurement of 

bursas of Fabricius was done on weekly from 7 till 35 days of age and was given scores from 1 

to 8. For qualitative measurement of bursa of Fabricius a ruler called Bursometer (Fort Dodge 

Animal Health) was used that contains different holes of specific diameters for each score 

(Moraes et al. 2004). 

3.5.5. Quantitation of Immunological Titer 

3.5.5.1 Enzyme Linked Immunosorbent Assay (ELISA) 

The serum samples were collected every week till 35 days of age and antibody levels 

against IBD virus vaccine were evaluated using a commercial ELISA kit (FlockChek IBD, 

IDEXX Laboratories) as described by (Moraes at el. 2004).  
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 Samples were diluted five hundred folds (1:500) with sample diluents prior to being 

assayed (by diluting 1ul of sample with 500ul of sample diluents). Samples were thoroughly 

mixed prior to dispensing into the coated plate. 

3.5.5.2 Procedure 

 Antigen-coated plate was taken and recorded the sample position on the worksheet. 

Undiluted negative control 100ul was dispensed into wells A1 and A2. Undiluted negative 

control 100ul was dispensed into wells A3 and A4. Diluted samples 100ul were dispensed into 

appropriate wells. Samples were tested in duplicate but a single well was acceptable and 

incubated for 30 minutes at room temp. Liquid content was aspirated from all wells into 

appropriate waste reservoir. Each well washed with approximately 350ul of distilled or deionized 

water 3-5 times. Horse radish Peroxidase Conjugate 100ul of (Goat) Anti chicken was added into 

each well.Thirty minutes incubation was given. Steps 6 and 7 were repeated. 

Tetramethylbenzidine (TMB) substrate solution of 100ul was added. Stop solution of 100ul in to 

each well was dispensed. Absorbance values recorded and measured at 650nm. 

3.5.5.3 Interpretation 

1) Negative Control mean (NCx) Well A1 A(650) + Well A2 A(650) =NCx 

2 

2) Positive Control mean (PCx)  Well A3 A(650) + Well A4 A(650) =PCx 

2 

3) S/P Ratio    Sample Mean – NCx= S/p 

PCx-NCx 

4) Titer Relates S/P at a 1:500 dilution to an endpoint titer: 

     Log10 Titer = 1.09 (Log10 S/P) + 3.3 
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3.5.6. Gross and Histopathological Findings 

 Five birds from each group were slaughtered on 14, 21, 28 and 35 day of age and gross 

lesions were observed. Bursa samples were collected for histopathological changes. 

3.5.7. Bursal Lesions Scoring  

 The intensity of bursal lesions was scored according to following criteria (Muskett et al. 

1979).  

3.5.8. Challenged 

 At 28th day of age, ten birds were separated from each group A, B, C and D and 

challenged with isolated field infectious bursal disease virus with dose rate of 0.1 ml (virus titer 

of 105.50/100ulEID50) through Eye drops (Abdel-Alim and Saif, 2001). Post challenged mortality 

and morbidity were recorded up to one week. 

3.6. Statistical Analysis: 

 Data on ELISA antibody titers against IBD were analyzed statistically through analysis of 

variance and geometric mean titers, weight gain and Bursa to body weight ratio were compared 

in groups through duncan’s multiple range test by using SAS (Statistical Analysis Software). 
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CHAPTER 4 

RESULTS 

 

4.1. Isolation and Identification of Field Infectious Bursal Disease Virus 

 The present project was designed to study pathogenesis and molecular diagnosis of 

Infectious Bursal Disease Virus (IBDV). For this purpose a total of 100 samples of Bursa of 

Fabricius were collected from broiler poultry flocks on reported outbreaks by field veterinarians 

and from the farmers visiting Postmortem Section of Pathology Department and University 

Diagnostic Lab of University of Veterinary and Animal Sciences, Lahore, Pakistan, for the 

purpose of postmortem and lab-based disease diagnostics. There was high morbidity and 

mortality in affected flocks. Detailed information regarding age, breed and history of previous 

disease outbreak, vaccination and treatments were recorded. Clinically affected birds were 

depressed and off feed with ruffled feathers. There were also soiled vent feather and whitish 

watery diarrhea in most of IBD infected birds. On postmortem examination, there were found 

hemorrhages on thigh and breast muscles. Bursa of Fabricius was severely hemorrhagic and 

enlarged in most birds infected with IBD. The samples collected for diagnosis were properly 

labeled and preserved under refrigeration. The collected samples were processed for 

histopathology, molecular diagnosis and virus isolation. Gross lesions were observed after 

postmortem and tissues samples were collected for histopathological examination. 

4.1.1.Isolation of Infectious Bursal Disease Virus 

 Out of 100 bursal field samples, 30 bursal tissues were processed for virus isolation, 30 

were processed for molecular diagnosis, 30 were processed for serological identification and 10 
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samples were processed for histopathological study. After serological and molecular tests, 

positive bursal samples were also processed for virus isolation. 

 For virus isolation, top clear fluid containing IBDV with dose of 0.1ml was injected in 16 

embryonated chickens eggs (9 day of age) via chorio-allointoic membrane (CAM) route while 4 

embryos were taken as control. Candling was performed on daily basis and any mortality up to 

48 hrs was discarded, however; dead embryos after 48 hrs were used for further processing. 

Embryos along with CAM were collected, triturated and again inoculated in 9 day old chicken 

embryonated eggs (2nd passage). Similarly three passages were given to each isolate presenting 

the respective groups.  

4.2 Determination of Embryo infective Dose EID50 

 The infectivity titer of indigenous infectious bursal disease virus in nine days old 

embryonated eggs were recorded up to 7 days of post inoculation. There were petechial and 

ecchymotic hemorrhages observed on the toe joints of embryos.  Congestion of skin in infected 

embryos was also observed. It was found that at 10-6 dilution only one embryo infected on day 

seven out of five and there was no infectivity at 10-7. At dilution 10-1 to 10-4 all the inoculated 

embryos were infected (Table-1). 
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Table: 4.1 Embryo infective dose 50 (EID50) calculations in embryonated eggs 

 

 

Dilutio

n 

Embroys 

Inoculate

d 

Post Inoculation Infectivity No of 

infected 

embryo

s 

No of 

healthy 

embryo

s 

Cumulativ

e no of 

infected 

embryos 

Cumulativ

e no of 

healthy 

embryos 

% of 

Infectivit

y 

0 

Da

y 

1 

Da

y 

2 

Da

y 

3 

Da

y 

4 

Da

y 

5 

Da

y 

6 

Da

y 

7 

Da

y 

10-1 5 0 0 0 1 2 0 1 1 5 0 25 0 100 

10-2 5 0 0 0 1 2 0 2 0 5 0 20 0 100 

10-3 5 0 0 0 0 1 1 0 3 5 0 15 0 100 

10-4 5 0 0 0 1 1 2 0 1 5 0 10 0 100 

10-5 5 0 0 0 

 

1 1 2 0 4 1 5 1 83 

10-6 5 0 0 0 0 0 0 0 1 1 4 1 5 17 

10-7 5 0 0 0 0 0 0 0 0 0 5 0 10 0 
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%age infectivity above 50- 50% 

Proportionate distance (PD) = ------------------------------------------------------------------ 

%age infectivity above 50- Next below 50% 

PD = 83-50/ 83-17 =33/66 

PD = 0.5 

EID50= (PD X log of dilution factor) + log of dilution with more than 50% infectivity 

EID50= 105.50 

4.3. Identification of Infectious Bursal Disease Virus 

Agar gel precipitation test (AGPT) 

 Thirty bursal field tissue samples were processed through AGPT for IBDV identification. 

Out of 30 field samples, 20 (71.4%) samples were positive and prominent white line of 

precipitation was noticed between known positive anti-IBDV hyper-immune serum of the central 

well and bursal homogenates of the peripheral wells due to antigen and antibody reaction within 

24- 48 hr. The triturate of chorioallantoic membrane and infected embryo after passages were 

also subjected to Agar gel precipitation test (AGPT). The triturated sample was added in the 

surrounding wells with known IBD hyper immune serum in the central well. The plate was 

incubated at 37oC and observed under diffused light at 24, 48 and 72 hrs interval for the presence 

of line of precipitation between central and any surrounding wells. 

4.4 Reverse transcriptase polymerase chain reaction 

 Infectious Bursal Disease Virus (IBDV) RNA was extracted from 30 field samples and 

direct IBD isolated virus using specific primers conducted on a 743-bp fragment of the VP2 

gene. Out of 30 field samples 23 (80%) were positive for IBDV and 4 of the 5 virus isolate were 

positive for Reverse transcriptase polymerase chain reaction RT-PCR as shown in (Plate-4.1). 
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       L1   L2   L3     L4    L5    L6    L7    L8    L9   L10   L11  

 

  
 

 

 
     1000bp 

 

 

 

 

 

Plate 4.1.Virus detection in bursal samples of IBD infected birds by RT-PCR.  

L1= DNA ladder 100bp, L2-L7= Positive tissues Samples, L8-L10= Positive CAM, L10=Positive Control taken 

from VRI, L11= Negative control 

4.5. Characterization of Infectious bursal disease virus 

4.5.1. DNA Sequencing and Analysis 

Different field bursal samples 16F, 15F and 18 F were processed for DNA sequencing.  

15F 

GTAACAATCA  CACTGTTCTC   AGCCAACATT  GATGCTATCA   CAAGCCTCAG 

CGTTGGGGGA  GAGCTCGTGT  TTCAAACAAG  CGTTCAAGGC    CTTGTACTGG 

GCGCCACCAT  CTACCTTATA   GGCTTTGATG   GGACTACGGT  AATCACCAGG 

GCTGTGGCCG CAGACAATGG GCTGACGGCCG GCACCGACAA   TCTTATGCCA 

TTCAATATTG  TGATTCCAAC    CAACGAGATA  ACCCAGCCAA   TTACATCCAT 

CAAACTGGAG  ATAGTGACCT  CCAAAAGTGG TGGCCAGGCA  GGGGACCAGA 

TGTCATGGTC GGCAAGTGGG   AGCCTAGCAG    TGACGATCCA  TGGTGGCAAC 

TATCCAGGGG CCCTCCGTCC   CGTCACACTA    GTAGCCTACG   AAAGAGTGGC 

500 bp 
743 bp 
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AACAGGATCC GTCGTTACGG TCGCTGGGGT     GAGCAACTTC    GAGCTGATCC 

   CAAATCCTGA 

16F 

GTAACAATCA CACTGTTCTC AGCCAACATT GATGCTATCA CAAGCCTCAG 

CGTTGGGGGA GAGCTCGTGT TTCAAACAGG CGTTCAAGGT TTTGTGCGGG 

ACACTGTTAT CCACTCAATA TTCCACACAA CATACGAGCC GGAAGCATAA 

AGTGTAAAGC CTGGGGTGCC TAATGAGTGA GCTAACTCAC ATTAATTGCG 

TTGCGCTCAC TGCCCGCTTT CCAGTCGGGA AACCTGTCGT   GCCAGCTGCA 

TTAATGAATC GGCCAACGCG CGGGGAGAGG CGGTTTGCGT ATTGGGCGCT 

CTTCCGCTTC  CTCGCTCACT  GACTCGCTGC GCTCGGTCGT   TCGGCTGCGG 

CGAGCGGTAT CAGCTCACTC AAAGGCGGTA ATACGGTTAT CCACAGAATC 

AGGGGATAAC GCANGAAAGA ACATGTGAGC AAAAGGCCAG CAAAAGGCCA 

TGAACCGTAA AAGGCCGCGT TGCTGGCGTT TTTCCATAGG CTCCGCCCCTCTGA 

18F 

GTAACAATCA  CACTGTTCTC  AGCCAACATT  GATGCTATCA    CAAGCCTCAG 

CGTTGGGGGA GAGCTCGTGT   TTCAAACAAG    CGTTCAAGGC  CTTGTACTGG 

GCGCCACCAT  CTACCTTATA   GGCTTTGATG  GGACTACGGT    AATCACCAGG 

GCTGTGGCCG  CAGACAATGG  GCTGACGGCC  GGCACCGACA  ATCTTATGCC 

ATTCAATATT   GTGATTCCAA    CCAACGAGAT   AACCCAGCCA  ATTACATCCA 

TCAAACTGGA   GATAGTGACC   TCCAAAAGTG   GTGGCCAGGC AGGGGACCAG 

ATGTCATGGT  CGGCAAGTGG   GAGCCTAGCA   GTGACGATCC    ATGGTGGCAA 

CTATCCAGGG    GCCCTCCGTC    CCGTCACACT   AGTAGCCTAC  GAAAGAGTGG 

CAACAGGATC   CGTCGTTACG     GTCGCTGGGG  TGAGCAACTT   CGAGCTGATC 
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    CCAAATCCTGAA 

4.5.2. Comparative Analysis of VP2 Gene 

 Field IBDV bursal samples 15F, 16F and 18F were compared with India Strain of 

Infectious bursal disease virus VP2 gene (IBDV HR9/03) with Accession Number 

(AY739668.1). Different pattern obtained:  

15F               GTAACAATCACACTGTTCTCAGCCAACATTGATGCTATCACAAGCCTCAGCGTTGGGGGA 60 

18F                GTAACAATCACACTGTTCTCAGCCAACATTGATGCTATCACAAGCCTCAGCGTTGGGGGA 60 

IbdvHR9        GTAACAATCACACTGTTCTCAGCTAATATCGATGCCATCACAAGCCTCAGCATCGGGGGA 60 

16F                GTAACAATCACACTGTTCTCAGCCAACATTGATGCTATCACAAGCCTCAGCGTTGGGGGA 60 

                       *********************** ** ** ***** *************** * ****** 

15F                GAGCTCGTGTTTCAAACAAGCGTTCAAGGCCTTGTACTGGGCGCCACCATCTACCTTATA 120 

18F                GAGCTCGTGTTTCAAACAAGCGTTCAAGGCCTTGTACTGGGCGCCACCATCTACCTTATA 120 

IbdvHR9        GAACTCGTGTTTCAAACAAGCGTCCAAGGCCTTATACTGGGTGCTACCATCTACCTTATA 120 

16F                GAGCTCGTGTTTCAAACAGGCGTTCAAGGTTTTGTGCGGGACACTGTTATCCACTCAATA 120 

                       * * * * * * * * *  * * * * * * * * ** * * * *  * *  * *  * * * *   *    *** **   *** 

15F                GGCTTTGATGGGAC-TACG----GTAATCACCAGGGCTGTGGCCGCAGAC----AATGGG 171 

18F                GGCTTTGATGGGAC-TACG----GTAATCACCAGGGCTGTGGCCGCAGAC----AATGGG 171 

IbdvHR9        GGCTTTGATGGAAC-TGCA----GTAATCACCAGAGCTGTGGCCGCAGAT----AATGGG 171 

16F                ---TTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAG 177 

                               **  *    ** * *     * ** **  *    *   ***   *      **** * 

15F                CTGAC-GGCCGGCACCGACAATCTTATGCCATTCAATATTGTGATTCCAACCAACGAGAT 230 

18F                CTGAC-GGCCGGCACCGACAATCTTATGCCATTCAATATTGTGATTCCAACCAACGAGAT 230 

IbdvHR9        CTGAC-GGCCGGCACTGACAACCTTATGCCATTCAACsATTGTGATTCCAACCAGCGAGAT 230 

16F                TGAGCTAACTCACATTAATTGCGTTGCGC---TCACTGCCCGCTTTCCAGTCGGGAAACC 234 

                       *   *   **   *     **  **   ***         *****  *    *    

15F                AACCCAGCCAATTACATCCATCAAACTGGAGATAGTGACCTCCAAAAGTGGTGGCCAG-G 289 

18F                AACCCAGCCAATTACATCCATCAAACTGGAGATAGTGACCTCCAAAAGTGGTGGCCAG-G 289 

IbdvHR          AACCCAGCCAATCACATCCATCAAACTGGAGATAGTGACCTCCAAAAGCGGTGGTCAG-G 289 

16F                TGTCGTGCCAGCTGCATTAATGAATC---GGCCAACG--CGCGGGGAGAGGCGGTTTGCG 289 
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                      *  ****    ***  ** ** *    *  *  *  * *    ** ** **   * * 

15F                CAGGGGAC------CAGATGTCATGGTCGGCAAGTGG--GAGCCTAG-----CAGTGACG 336 

18F                CAGGGGAC------CAGATGTCATGGTCGGCAAGTGG--GAGCCTAG-----CAGTGACG 336 

IbdvHR9        CGGGGGAT------CAGATGTCATGGTCAGCAAGTGG--GAGCCTAG-----CAGTGACG 336 

16F                TATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCG 349 

                       **        * * *  *  * **    * * *  * **   *     * *   ** 

15F                ATCCATGGTGGCAACT-ATCCAGGGGCCCT----CCGTC--CCGTCACACTAG----TAG 385 

18F                ATCCATGGTGGCAACT-ATCCAGGGGCCCT----CCGTC--CCGTCACACTAG----TAG 385 

IbdvHR9       ATCCACGGTGGCAACT-ATCCAGGGGCCCT----CCGTC--CCGTCACACTAG----TAG 385 

16F               GCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAA 409 

                         ***  ** ** *  **  ***  *    * **   **     *  **    **  

 

15F               CCTACGAAAGA----GTG-GCAACAGG-------------ATCCGTCGTTACGGTCGCTG 427 

18F               CCTACGAAAGA----GTG-GCAACAGG-------------ATCCGTCGTTACGGTCGCTG 427 

IbdvHR9       CCTACGAAAGA----GTG-GCAACAGG-------------ATCTGTCGTCACGGTCGCCG 427 

16F               CGCANGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCATGAACCGTAAAAG--GCCG 467 

                       *  * ******    *** **** ***             **    *** *  *  ** * 

15F                GGGTG--AGCAACTTCGAGCTGATCCC-AAATCCTGA- 461 

18F                GGGTG--AGCAACTTCGAGCTGATCCC-AAATCCTGAA 462 

IbdvHR9        GGGTG--AGCAACTTCGAGCTGATCCCCAAATCCTGA- 462 

16F                CGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCTCTGA- 504 

                       * **   **   **      *   **      **** 
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Table 4.2. Homology % of different sequence of VP2 gene of IBDV 
 

Sr. No Microbial Strain Accession Numbers Homology % 

1 Vp2 Gene of IBDV 15F (431/462) 93% 

2 Vp2 Gene of IBDV 16F ( 432/463) 93% 

3 Vp2 Gene of IBDV 18F (431/462) 93% 

Details attached in (Annexure-2, 3 and 4). 
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Figure: 4.1. 20-100 bp area of 15F, 16F and 18F has been selected to illustrate the 

nucleotide positing through graphical representation of peaks using BioEdit 

software 
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4.5.3. Phylogenetic Analysis: 

 Phylogenetic tree clearly demonstrated that viral protein 2 (VP2) gene sequence of 

Infectious Bursal Disease virus (IBDV) clustered with various viral strains(Fig. 4.2). Sequence 

homology analysis of VP2 gene showed maximum homology of 93% with same gene isolated in 

India (IbdvHR9/03VP2). Phylogenetic tree was constructed using Tree view software.  

 
Fig.4.2. Phylogenetic tree of the sequence obtained (Beenish Pakistan, {This study}) with 10 

sequences available in NCBI 
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Experiment No. 2 

Pathogenesis of Infectious Bursal Disease Virus 

4.6. Clinico-pathological characteristics  

 The clinico-pathological characteristic of Infectious Bursal Disease Virus was assessed in 

commercial broiler chicks having maternal derived antibodies (MDA) and specific antibody 

negative (SAN) birds, as compared with control.  Birds of group A having commercial broiler 

chicks and group B containing SAN chicks were challenged with field IBDV at rate of 0.1 ml of 

EID50 (virus titer 105.50/100ul) on second week of age through eye drop.  The broiler chickens 

were apparently normal, no clinical signs were observed in first twenty four hours of post 

infection in all treatment groups. Birds of group B showed clinical signs 72hrs after infection 

with signs of listlessness, weakness and loss of appetite.  All IBDV-inoculated birds presented 

severe prostration, listlessness and whitish diarrhea (Table. 4.3); birds died or were slaughtered 

on 3rd, 5th, 9th and 14th day of post challenge. In group A clinical signs like ruffled feathers and 

dullness were noticed on day 5th of infection. At the end of day 5 post-infection, three and one 

birds died in groups B and A respectively. All chickens challenged to Infectious Bursal Disease 

Virus were dull, depressed, feed and water consumption was decreased and had ruffled feathers 

at 9th days post infection (dpi). At 9th dpi, chickens of group B showed moderate to severe signs 

of depression, anorexia, lethargy, whitish mucoid diarrhea and soiled vent and ruffled feathers.  

 In Group C (Commercial chicks control) and group D (SAN control) reared in separate 

control sheds, no specific clinical signs observed.  
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Table No 4.3. Scoring of clinical signs 3rd, 5th, 9th and 14th days post infection in 

experimental chicken infected with IBD virus strain 

 

Groups 
Days post 

infection 

Listlessness Ruffled Feathers Whitish Diarrhea 

A 

3day + + + 

5day ++ ++ ++ 

9 day +++ +++ +++ 

14 day ++ ++ + 

B 

3day ++ ++ ++ 

5day +++ +++ +++ 

9 day +++ +++ +++ 

14day ++ ++ ++ 

C 

3 day _ _ _ 

5 day _ _ _ 

9day _ _ _ 

14 day _ _ _ 

D 

3 day _ _ _ 

5 day _ _ _ 

9 day _ _ _ 

14day _ _ _ 

(-) = absent; (+) = mild; (++) = moderate; (+++) = severe 

Group A: Commercial chicks having maternal derived antibodies IBDV infected chicks, Group 

B: Specific antibody negative IBDVinfected chicks, Group C: Commercial chicks control, D: 

SAN control 
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Plate 4,2 A: Birds from group A at 72 hours post infection (hpi) showing listlessness. 

 
Plate 4.3.Diarrhoea of a bird from group A on 5th day postinfection. 
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4.7 Gross Pathology 

 Five birds from each group were slaughtered on 3rd, 5th, 9th and 14th days of post Infection 

of Infectious Bursal Disease Virus (IBDV). Gross & histopathological lesions in lymphoid and 

non lymphoid organs scored on different days. 

3rd Day of post infection: 

 Birds of group A containing commercial broiler chicks (having maternal derived 

antibodies) showed mild changes in lymphoid organs. Bursa of Fabricius of group A became 

swollen and hemorrhagic. Spleen of Group A was congested and hemorrhages were observed on 

thymus as compared to control group C. Non lymphoid organs of group A showed minimal 

changes included kidney hemorrhages, liver was slightly congested, hemorrhages on muscles.  

 Group B containing Specific antibody negative (SAN) birds showed moderate changes in 

the lymphoid organs. Bursa showed moderate changes like hemorrhages and bursal folds 

swelling (Plate 4.6). Spleen was congested and thymus showed hemorrhages. Out of non 

lymphoid organs, kidneys were congested, lungs were normal and petechial hemorrhages were 

observed on liver. Hemorrhages observed on pectoral muscles. Control group C and D showed 

no pathological lesions (Plate 4.5).  

5th Day of post infection  

 Birds of group A containing commercial broiler chicks (having maternal derived 

antibodies) showed moderate lesions on lymphoid organs. Spleen was congested, thymus 

showed hemorrhages and bursa of Fabricius became swollen with bursal fold hypertrophy (Plate 

4.10 B). Non lymphoid organs showed mild changes. On serosal surface of intestine multiple 

petechial hemorrhages were noticed, hemorrhages and congestion in kidney tissues observed as 

compared to control group C.  
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 Group B (SAN birds) showed severe gross pathological lesions on visceral organs (Plate: 

4.14). Bursa of Fabricius was enlarged and became double of its normal size (Plate 4.9). 

Spleenomegaly with severe necrotic lesions was observed in all infected chickens. Pinpoint 

hemorrahages and severe atrophy of thymus was observed (Plate: 4.7). Liver and kidney were 

severely congested (Plate: 4.16 A, 4.15). Small, flat, petechial hemorrhages were observed on 

breast muscles and the serosal surfaces. Multiple necrotic foci were observed on kidney. Control 

group D showed no specific lesions (Plate: 4.10 A). 

9th Day of Post infection: 

 Group A birds showed moderate changes, included atrophy of the thymus and bursa, 

gelatinous edematous fluid observed followed to bursal regression. Enlarged spleen with 

multiple necrotic foci (necrosis) was observed. Non lymphoid organs included hemorrhages on 

pectoral muscles, congestion of kidney were observed in A group as compared to group C 

(Control of commercial broiler). 

 Group B showed severe gross changes on lymphoid organs. Bursa of Fabricius and 

thymus were severely hemorrhagic, atrophied and gelatinous fluid observed in bursa (Plate: 4.11, 

4.13). Spleenomegaly was also observed (plate.4.16. C). IBDV infection caused necrosis of liver 

and kidney tissues. Liver were severely congested as compared to control group D. Petechial 

hemorrahages were observed on pectoral muscles.  
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14th Day of Post infection 

 Birds of group A (Commercial chicken with maternal derived antibodies) showed 

moderate to severe damage to lymphoid organs included bursa (Plate 4.12) and thymus atrophy, 

spleenomegaly & congested kidneys. Hemorrhages on muscles were observed. 

 Group B (SAN birds) showed severe changes in lymphoid organs, marked reduction in 

size of bursa (bursal regression) (Plate. 4.17) and thymus. Multi focal necrotic foci observed on 

spleen and kidney. Spleenomegaly, necrotic foci and hemorrhages were observed in the small 

intestine. Hemorrhages were also observed on thigh muscles.  

 Control group C containing commercial broiler chicken and group D containing SAN 

control birds showed no specific gross lesions on 3rd, 5th, 9th and 14th day post infection. 

 
Plate 4.4. Congested kidney and edematous bursa observed in group B on 5th Day post-

infection 

P: 4.4 
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Plate: 4.5 Bird of group C showed 

Normal Bursa of Fabricius on 3rd 

day 

 Plate: 4.6. Edematous and hemorrhagic 

Bursa of Fabricius of a bird from 

group B on 3rd day post infection . 

 

 
Plate: 4.7. Pin point Hemorrhages on 

thymus at 5th of post infection day 

of group B bird. 

 Plate: 4.8. Normal thymus of a bird from 

group D on 9th day. 

 

P:4.7 P: 4.8 

P : 4.5 P : 4.6 
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Plate:4.9. Edematous swollen bursa of 

fabricius of Group B at 5th day  

post infection. 

 Plate: 4.10. A. Normal bursal folds on 5th day 

of group C. B. Swollen bursal folds of 

bird of group A at 5th day post 

infection. 

 

 
Plate: 4.11. Bursal Atrophy at 9th day 

post infection in a bird of group B. 

 Plate: 4.12. Bursal regression on 14th day 

post infection in birds of group A.  

 

P: 4.9 

4.10A 

4.10B 

P: 4.11 

P: 4.12 
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Plate: 4.13. Severe hemorrhages on bursal folds and bursal atrophy observed in group B on 

9th day of post infection. 

 

 
Plate: 4.14. Hemorrhages on pectoral 

muscles observed in group A on 

5th day post infection.  

 Plate: 4.15. Congested kidney on 5th day 

post infection in a bird of group B. 

 

  

P: 4.13 

P :4.14 
P: 4.15 
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Plate: 4.16. A. Congested and shrunken 

liver on 5th day post infection in 

bird of group B. 

 4.16. B. Showed normal liver in group C. 

 

 

 
Plate: 4.16. C Splenomegaly observed in group B on 5th day of post infection. 4.16 D. 

showed normal spleen in group C. 

  

P: 4.16 A 

P: 4.16 C 

P: 4.16 D 
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Plate: 4.17. Atrophied bursa and liver infarction observed in group B on 14th day of post 

infection. 

 

4.8. Histopathological Findings: 

 Lymphoid organs (Bursa, thymus and spleen) and non lymphoid organs ( Liver, kidney 

and lung) were collected after necropsy from each groups on 3rd , 5th , 9th and 14th day of IBDV 

infection and histopathological lesions were scored. 

3rd Day of Post infection: 

 Bursal histological changes observed in group A were minimal, in group B mild changes 

observed in lymphoid organs whereas in group C and D no pathological changes observed 

(Table. 4.5). Mild lymphocytic depletion and epithelial cells hyperplasia observed in Bursa 

(Plate: 4.24). Congestion and hemorrhages observed in spleen. Mild lymphocytic depletion and 

hemorrhages observed in thymus (Plate: 4.18). In group B mild changes observed in liver 

included hemorrhages and hepatocytes necrosis. Mild tubular necrosis and hemorrhages 

observed in kidney of group B broiler chicken. No specific lesions observed in lungs. 

P: 4.17  
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Table No 4.4. Histopathological changes at 3rd day of age post infection 

Groups Lymphoid Organs Non-Lymphoid Organs 

 Bursa Thymus Spleen Kidney Liver Lung 

A + + _ + _ _ 

B + + + + + _ 

C _ _ _ _ _ _ 

D _ _ _ _ _ _ 

(-)= absent; (+) = mild; (++)= moderate;   (+++)= severe 

Group A: Commercial IBDV infected chicks, Group B: Specific antibody negative IBDV 

infected chicks, Group C: Commercial chicks control, D: SAN control 

 

5th day post infection: 

 Moderate histological changes observed in different organs in group A, severe changes 

observed in group B (Table.4.6). Typical histological changes associated with IBDV infection, 

including lymphoid depletion, necrosis and hemorrhages in bursa (Plate: 4.23), infiltration of 

leukocytic cells and cell debris of necrosed tissues observed in infected organs of IBDV 

inoculated birds. In bursa of group B severe changes included lymphoid follicles necrosis, 

epithelial cell hyperplasia, fibrous tissue proliferation and mononuclear cells infiltration. Thymus 

showed lymphocytic depletion and hemorrhages. In spleen mononuclear cell infiltration and 

sever congestion were observed (Plate: 4.31), tubular necrosis and congestion seen in kidney of 

group B (Plate: 4.21) as compared to control group D. Marked Leukocytic Infiltration in liver 

was observed (Plate: 4.32). 
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Table No 4.5. Histopathological changes at 5th day of age post infection 

 

Groups Lymphoid Organs Non-Lymphoid Organs 

 Bursa Thymus Spleen Kidney Liver Lung 

A ++ ++ + + ++ _ 

B +++ +++ ++ + ++ - 

C _ _ _ _ _ _ 

D _ _ _ _ _ _ 

(-)= absent; (+) = mild; (++)= moderate;   (+++)= severe 

Group A: Commercial IBDV infected chicks, Group B: Specific antibody negative IBDV 

infected chicks, Group C: Commercial chicks control, D: SAN control  

 

9th Day of Post infection 

 Moderate to severe changes were observed in lymphoid and non lymphoid organs of 

group A and B.  Control groups C and D showed no lesions (Table. 4.7). In spleen mild 

hyperplasia of reticular cells and lymphocytic depletion were detected. Group B showed severe 

changes in bursa of Fabricius included lymphoid follicle necrosis, leukocytic infiltration, cyst 

formation and fibrous tissue proliferation (Plate 4.26, 4.27, 4.29). Severe hemorrhages and 

lymphocytic depletion at medullar region of thymus was observed in group B (Plate: 4.19).  

Group A showed lymphocytic necrosis, epithelial cells necrosis and fibrous tissue proliferation 

as compared to control group C on 9th day post infection (Plate 4.25). Kidney was congested 

(Plate: 4.20). 
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Table No 4.6. Histopathological changes at 9th day of age post infection 

 

Groups Lymphoid Organs Non-Lymphoid Organs 

 Bursa Thymus Spleen Kidney Liver Lung 

A ++ ++ + + + - 

B +++ +++ + ++ + - 

C _ _ _ _ _ _ 

D _ _ _ _ _ _ 

(-)= absent; (+) = mild; (++)= moderate;   (+++)= severe 

Group A: Commercial IBDV infected chicks, Group B: Specific antibody negative IBDV 

infected chicks, Group C: Commercial chicks control, D: SAN control  

 

14th Day of Post infection 

 Moderate changes observed on 14th day in challenged group (Table.4.8). Thymus showed 

moderate to severe changes include congestion, hemorrhages, lymphocytic necrosis at medullar 

region and thickening of interlobular connective tissues in challenged groups. Bursal changes 

include follicular necrosis, necrosis of eptithelial cells, cyst formation and marked fibroplasias 

(Plate 4.28, 4.30). Lymphoid depletion and hemorrhages observed in spleen.  Mild changes in 

liver of group B include hepatocyte necrosis and congestion. Mild lymphocytic infiltration 

observed in kidney of group B. Group C and D control groups showed no specific lesions.   
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Table No 4.7. Histopathological changes at 14th day of age post infection 

 

Groups Lymphoid Organs Non-Lymphoid Organs 

 Bursa Thymus Spleen Kidney Liver Lung 

A + + + + + - 

B ++ ++ + + + - 

C _ _ _ _ _ _ 

D _ _ _ _ _ _ 

(-)= absent; (+) = mild; (++)= moderate;   (+++)= severe 

Group A: Commercial IBDV infected chicks, Group B: Specific antibody negative IBDV 

infected chicks, Group C: Commercial Chicks control, D: SAN control  
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Plate 4.18: Haematoxylin and eosin 

staining of Thymus from group A at 

3rd Day postinfection (PI). 

Hemorrhages (Arrow) and mild 

lymphocytic depletion(arrowhead) 

observed in thymus follicles. 

   

 

 

Plate 4.19: Haematoxylin and eosin 

staining of Thymus from group B at 

9th day of post infection. 

Severe hemorrhages (arrow) and 

lymphocytic Degeneration 

(arrowhead) at medullary region of 

follicle. 

   

 

 

Plate 4.20: Haematoxylin and eosin 

staining of Kidney from group A at 9th 

day post infection. 

Congestion of renal tubules (arrow) of 

kidney. 

  



RESULTS 

 

 

74 

 

 

Plate 4.21: Kidney from group B at 5th 

day post infection. 

Severe hemorrhages (arrow) and 

leukocytic infiltration (arrowhead) in 

urinary tubules of kidney. 

   

 

 

Plate 4.22: Haematoxylin and eosin 

staining of Bursa from group D. 

Lymphoid follicle with normal 

epithelium. 

   

 

 

Plate 4.23: Haematoxylin and eosin 

staining of Bursa from group A at 5th 

day post infection. 

Severe hemorrhages (arrow) and 

lymphocytic depletion (arrowhead) in 

bursal follicles. 
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Plate 4.24: Haematoxylin and eosin 

staining of Bursa from group B at 3rd 

day post infection. 

Lymphocytic depletion (arrow) and 

leukocytic infiltration (arrowhead) in 

the bursal follicles. 

   

 

 

Plate 4.25: Haematoxylin and eosin 

staining of bursa from group A at 9th 

Day post infection. 

Lymphoctic depletion (arrow) at 

medullary region of bursal follicle. 

   

 

 

Plate 4.26: Haematoxylin and eosin 

staining of Bursa from group B at 9th 

day of post infection. 

Marked fibrous tissue proliferation 

(arrow) with lymphocytic depletion 

(arrowhead) and leukocytic 

infiltration. 
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Plate 4.27: Haematoxylin and eosin 

staining of Bursa from group B at 9th 

day of post infection. 

Sever lymphocytic depletion 

(arrowhead) and epithelium cyst 

formation (arrow). 

   

 

 

Plate 4.28: Haematoxylin and eosin 

staining of Bursa from group A at 14th 

day of post infection. 

Moderate lymphoid follicle necrosis 

(arrowhead) with degraded epithelium 

(arrow). 

   

 

 

Plate 4.29: Haematoxylin and eosin 

staining of bursa from group B at 9th 

day of post infection. 

Intrafollicular glandular structure 

(arrow) formed in bursa. 
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Plate 4.30: Haematoxylin and eosin 

staining of Bursa from group B at 14th 

day of post infection. 

Severe lymphoid follicular atrophy 

(arrow) and degraded epithelial cells 

(arrowhead). 

   

 

 

Plate 4.31: Haematoxylin and eosin 
staining of Spleen from group B at 5th 

day. 

Severe congestion (arrow) and 

leukocytic infiltration (arrowhead). 

 

   

 

 

Plate 4.32: Haematoxylin and eosin 

staining of Liver from group B at 5th 

day of post infection. 

Marked leukocytic infiltration (arrow) 

observed in hepatocytes. 
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4.9. Immunohistochemistry  

 Immunohistochemical staining for virulent field strain of IBDV described rapid spread of 

the viral antigen in infected tissues and spreading rate was maximum in 3rd to 14th day of post 

infection. The intensity of positive Immunohistochemistry staining was higher in 3 to 9 dpi and 

viral antigen positive cells observed in the infected lymphocytes and macrophages. In all the 

challenged broiler chickens virus was continuously release in oral and cloacal swabs. 

Immunohistochemistry of selected organs resulted in the following observations:. 

 Positive staining was tan-colored, finely granular and dark brown. 

 Intracellular staining, obviously intra-cytoplasmic was observed. 

 Most of the cell associated positive staining occurred within epithelial cells (surface) of 

bursa . 

 Positive staining was frequently associated with lymphocytes within lymphocytic 

infiltration. 

  Occasional fibroblast and mononuclear cells were seen in different organs. 

Following observations were seen in selected organs for IHC. 

Spleen: Lymphocytic necrosis and lymphoid depletion with mild hyperplasia of reticulum cells 

observed (Plate: 4.40, 4.41). 

Thymus: lymphocytic depletion in different follicles was seen along with Medullary 

lymphocytolysis. Depletion of follicles and congestion was most prominent (Plate: 4.33, 

4.34, and 4.35). 

Bursa: In IHC staining Bursa was highly congested, most areas show infiltration of mononuclear 

cells along with degeneration and necrosis of mucosal folds (Plate: 4.36, 4.38). 

Proliferation of fibroblast at different place of Bursa (Plate: 4.37). Epithelium and 
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lymphatic follicles were necrotic. Cyst formed in epithelium (Plate 4.39). Inflammatory 

cells were full of antigen in mucosa like hetrophils and lymphocytes 

Kidney:  Severe congestion and hemorrhages were seen. Infiltration of the mononuclear cells 

observed in the tubules. 

Liver: Inliver the virus concentration was mainly in hepatocytes. 
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Plate:  4.33: 

Immunohistochemistry (IHC) 

staining of Thymus from group 

B at 3rd day of post infection. 

Antigen mainly observed in the 

thymus lymphoid follicles at 

central region. 

 

   

 

 

Plate: 4.34 : 

Immunohistochemistry 

staining of Thymus from group 

A at 5th day post infection. 

Antigen mainly observed in the 

medullar region of lymphoid 

follicle. 

   

 

 

Plate 4.35: 

Immunohistochemistry 

staining of Thymus from group 

B at 9th day post infection. 

Antigen positive cells observed 

in center of lymphoid follicles. 
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Plate 4.36: 

Immunohistochemistry 

staining of Bursa of Fabricius 

from group B at 5th day post 

infection. 

Brownish viral antigen mainly 

observed in the cortex (arrow) 

and medulla of lymphoid 

follicle and edematous sub-

epithelial area (arrowhead).  

   

 

 

Plate 4.37: 

Immunohistochemistry 

staining of Bursa of Fabricius 

from group A at 5th day post 

infection.  

Viral antigen present in 

medullar region of follicle 

(arrow) and fibrous tissue 

proliferation (arrowhead). 

   

 

 

Plate 4.38: 

Immunohistochemistry 

staining of bursa of Fabricius  

from group B at 9th day post 

infection. 

Viral antigen observed in the 

degenerated lymphoid cells in 

lymphoid follicles in diffuse 

pattern with fibroplasia. 
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Plate 4.39. 

Immunohistochemistry 

staining of Bursa of Fabricius 

from group B at 9th day post 

infection. 

Antigen observed in 

degenerated lymphoid cells of 

medullar and cortical region 

(arrowhead) with glandular 

structure (arrow) formation. 

   

 

 

Plate 4.40: 

Immunohistochemistry 

staining of Spleen from group 

A at 5th day post infection. 

Antigen observed in 

degenerated lymphoid cells 

around central artery. 

   

 

 

Plate. 4.41: 

Immunohistochemistry 

staining of Spleen from group 

B at 5th Day post infection. 

Tan colored IBDV antigen 

observed in infected 

lymphocytes of lymphoid 

follicles in spleen 
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4.9.1 Immunohistochemistry of lymphoid and Non-lymphoid organ 

 Virulent field strain of IBDV spread rapidly in lymphoid tissues of infected birds.  

Antigen observed in the cytoplasm of cells. The IBDV antigen positive cells were observed 

through Immunohistochemistry in infected lymphocytes and macrophages at medullary area of 

bursal lymphoid follicles (Plate: 4.36) and thymus follicles (Plate: 4.34 and 4.35) and virus 

observed in scattered form in mononuclear cells of spleen (Plate 4.40). Virus was constantly 

found at 3rd day post infection until day 14th, in the primary lymphoid tissues like thymus and 

bursa of Fabricius and characterized in acute inflammation. At day 3, viral antigen was observed 

in lymphoid cells of follicles of bursa and thymus, marked leukocytic infiltration with bursal 

oedema and hyperemia. On day 5th post infection, antigen was detected through 

Immunohistochemistry in medullar and cortical region of follicles with marked lymphoid 

depletion (Plate: 4.38). On 9th day of post infection cyst formation occurred and observed on 

epithelium of follicles. On 5th day of post infection, virus replication resulted in changes like 

lymphoid necrosis observed at medullary and cortical region of lymphoid follicles in bursa and 

marked fibrous tissue proliferation. (Plate: 4.37). On 9th day of post infection in specific antibody 

negative chicken proliferation of epithelial layer of bursa produced glandular structure consisted 

columnar epithelium that contains mucin globules (Plate. 4.39). On 14th day group B containing 

specific antibody negative birds, bursal folds regression observed, and viral antigen infected cells 

spreaded in surroundings. The IBDV antigen positive cells were observed in epithelium of bursa. 

In thymus mild cortical atrophy was seen on 3rd day, there was intense immuno labeled antigen 

in the cortex and medulla (Plate 4.33). In the spleen viral antigen mainly observed in the 

macrophages, there were fewer lymphocytes in the germinal centres.  Non lymphoid organs viral 

antigen replication results in marked leukocytic infiltration in kidney and liver. Viral antigen was 
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also detected in kupffer cells of liver. The control group C and D, no antigen was detected in 

lymphoid tissues through Immunohistochemistry.  

4.10. Reverse Transcriptase Polymerase Chain Reaction 

 IBD virus antigen was detected in Lymphoid organs of Bursa, Thymus and Spleen and 

non-Lymphoid organs of Kidney, Liver and Lung on 3, 5 & 9 day post infection through reverse 

transcriptase polymerase chain reaction (Table 4.8). VP2 nucleotide was detected by using 

specific primers of 743 bp (Plate: 4.42).Virus was detected in lymphoid and non lymphoid 

organs of group A and B, no virus antigen was detected in control group C and D.  
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Table: 4.8. IBD virus antigen detection in different organs through Reverse Transcriptase 

Polymerase Chain Reaction 

 

Groups 
Total Number of 

samples 

Tissues Positive on 

day 3rd 

Positive on 

day 5th 

Positive on 

day 9th 

A 

6 Bursa 1 2 2 

6 Thymus 1 1 1 

6 Spleen 1 1 1 

6 Liver 0 0 0 

6 Kidney 1 1 0 

6 Lung 0 0 0 

B 

6 Bursa 2 2 2 

6 Thymus 1 2 1 

6 Spleen 2 2 1 

6 Liver 1 0 0 

6 Kidney 1 2 1 

6 Lung 0 0 0 

C 

6 Bursa 0 0 0 

6 Thymus 0 0 0 

6 Spleen 0 0 0 

6 Liver 0 0 0 

6 Kidney 0 0 0 

6 Lung 0 0 0 

D 

6 Bursa 0 0 0 

6 Thymus 0 0 0 

6 Spleen 0 0 0 

6 Liver 0 0 0 

6 Kidney 0 0 0 

6 Lung 0 0 0 

Total 144     

Group A: Commercial IBDV infected chicks, Group B: Specific antibody negative IBDV 

infected chicks, Group C: Commercial chicks control, D: SAN control  
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                    L1   L2  L3 L4 L5  L6  L7  L8  L9  L10  L11  

 
 

 

 

 

 

 

 

Plate4.42. Virus detection in tissue samples of IBD infected birds by RT-PCR. 

 

L1= DNA ladder 100bp,  L2-L3= Thymus Positive tissues Samples, L4-L6=  Bursa positive tissue samples,  

L7-L8= Spleen Positive tissue samples L9-L10= Kidney positive tissue samples L11: Negative sample 

 

4.11. Serum Biochemistry 

 Serum biochemical parameters of Alkaline Phosphatase (ALP), Aspartate 

Aminotransferase (AST), Alanine Aminotransaminase (ALT), and Total protein and Albumin 

values were evaluated (Table. 4.9). Albumin and total protein values were significantly low in 

infected groups A and B as compared to control groups C and D. ALT, AST and ALP values 

were significantly high in infected groups A and B. 

  

743bp

p bp 
500bp 

1000bp 
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Table: 4.9. Serum concentration of Albumin, Total Protein, ALT, AST and ALP in 

different treatment groups on 3, 5 and 7 day of post infection. 

 

Days Groups 3 day 5 day 7 day 

Albumin 

(g/dl) 

A 1.59b 1.32b 1.09b 

B 1.51c 1.41b 1.06b 

C 1.71a 1.73a 1.75a 

D 1.68a 1.74a 1.78a 

Total protein 

g/dl 

A 4.10d 3.98c 3.11d 

B 4.43c 3.57d 3.28c 

C 4.98b 5.44a 5.65a 

D 5.13a 5.27b 5.42b 

Alanine 

Aminotransferase 

(ALT) u/L 

A 4.50b 7.12a 10.30b 

B 5.16a 6.75b 12.59a 

C 3.52c 3.65c 3.79c 

D 3.48c 3.57d 3.82c 

Alkaline 

Phosphatase 

(ALP) u/L 

A 204a 210b 226ab 

B 215a 238a 254a 

C 186a 198b 206b 

D 195a 200b 218b 

Aspartate 

Aminotransferase 

(AST) u/L 

A 210b 307b 368b 

B 300a 353a 396a 

C 174c 179c 188c 

D 180c 180c 185c 

Group A: Commercial IBDV infected chicks, Group B: Specific antibody negative IBDV infected chicks, Group C: 

Commercial chicks control, D: SAN control  
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Experiment No 3 

Comparative Efficacy of Commercial IBD Vaccine against Field Isolate 

 Birds in group A were vaccinated with immune complex vaccine Bursaplex on 0 day. 

Birds in Group B and C were vaccinated with Conventional vaccine D78 on 20 day and 

conventional vaccine 228E on 16 day. Vaccination days were selected according to Deventer 

formula after measuring ELISA antibody titer on day 1 (Annexure-5). Group D was 

unvaccinated control. 

4.12. Average Weight Gain  

 Weight gain of different treatment groups of broiler chicken were determined weekly up 

to 35 days of age as presented in table (4.9).  In different treatment groups, no significant 

difference observed on day 7. On 14th day, group C (Conventional vaccine 228E) showed 

significantly higher weight gain as compared to other treated groups. On day 28 and 35 group D 

(Control) showed significantly higher weight gain as compared to vaccinated groups A, B and C. 

On day 28 and 35, group C (Conventional vaccine 228E) showed significantly low weight gain 

as compared to other vaccinated groups A (Immune complex Bursaplex) and B (Conventional 

vaccine 228E).  
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Table 4.10: Average Weight Gain (gm) of broiler chicken in different treatment groups 

from day 7 to day 35 of age 

 

Gropus 7day 14day 21 day 28day 35 day 

gm gm gm gm gm 

A(Bursaplex) 160a ± 3.72 435c ±3.53 780a ±3.53 1290a ±3.53 1722b ±4.46 

B (D78) 156a±3.20 440c ±3.53 720b ±5.02 1210b ±4.32 1690c ±3.53 

C  (228E) 164a ±3.61 472a ±4.46 690c ±4.09 1150c ±3.53 1620d ±3.53 

D  (Control) 163a ±4.66 457b ±6.15 772a ±3.63 1295a ±4.76 1754a ±2.82 

Values Showing Different Superscripts within a Column Differ Significantly (P<0.05) 

 

 

Figure 4.3: Comparative bar presentation of Average Weight Gain (gm) of broiler chicken 

in different treatment groups 

Treatment Groups: Group A: Immune complex vaccine, Group B: Conventional vaccine (D78), 

Group C: Conventional vaccine (228E), Group D: Control (Unvaccinated) 
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4.13. Titration by ELISA 

 For evaluation of immune response of the birds, blood samples were collected on weekly 

basis for determination of specific antibody titer against IBD for ELISA. The geometric mean 

(GM) ELISA antibody titer of different groups is presented in table (4.10).  On day 7 no 

significant difference was observed in antibody titer of broiler chicken in different treatment 

groups. On 14 and 21 day group A (Immune Complex) showed significantly higher GM ELISA 

antibody titer as compared to other treated groups B, C and D. On day 28 and 35 group B 

(Conventional vaccine D78) showed significantly low antibody titer as compared to other 

vaccinated groups A (Bursaplex) and Group C treated (conventional vaccine 228E). On day 28 

and 35 group A (Immune complex Bursaplex)  showed significantly higher Gemotric mean 

ELISA antibody titer as compared to other vaccinated groups B (D78)  and C (Conventional 

vaccine 228E). 

On day 21, 28 and 35 group D (Control, Unvaccinated) showed significantly low 

antibody titer as compared to other vaccinated groups. Antibody titer was declined from 14th day 

of age in vaccinated group. Titer was gradually increased. 
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Table 4.11: Geometric mean ELISA antibody titer of different treatment groups vaccinated 

with IBDV vaccines from day 7 to day 35 of age  

 

Groups 7 day 14 day  21 day  28 day  35 day 

Group A 2354b± 5.09 1238a± 4.88 1733a±4.66 1958a ±2.98 2976a ±4.24 

Group B 2425a ±3.41 953.2c±2.66 1235.8c±4.11 1675c ±5.67 2107c±3.00 

Group C 1965.6d ±4.26 981.6c±3.86 1349.2b±3.77 1919.8b ±4.12 2841.8b ±4.04 

Group D 2289c ±3.50 1047.4b±4.11 342.4d±3.96 229.2d±2.87 208d ±3.00 

Values Showing Different Superscripts within a Column Differ Significantly (P<0.05). 

 

 

Plate: 4.43. ELISA Plate Showing Positive IBDV Result 
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Fig 4.4: Comparative bar presentation of geometric mean ELISA antibody titer against 

Infectious bursal disease virus in different treatment group 

 

Treatment Groups: Group A:Immune complex vaccine, Group B:Conventional vaccine (D78), 

Group C: Conventional vaccine (228E), Group D: Control (Unvaccinated) 
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4.14. Bursometry 

 Bursometry of different treatment groups of broiler chicken were determined weekly up 

to 35 days of age as presented in table (4.11). On day 7 no significant difference was observed in 

bursometry of broiler chicken in different treatment groups. On 14 day group B (Conventional 

vaccine D78) showed significantly higher bursal size as compared to other treated groups A, C 

and D. On day 21, 28 and 35, group C (Conventional vaccine 228E) showed significantly lower 

bursal size as compared to vaccinated groups A (Bursaplex) and Group B (D78).  

On day  28 and 35 group D (Control ,Unvaccinated) showed significantly higher bursal 

size as compared to vaccinated groups A (Immune complex Bursaplex), B (Conventional 

vaccine D78) & C (Conventional vaccine 228E). On day 21, 28 and 35 group A (Bursaplex) 

showed higher bursal size as compared to other vaccinated group B and C.  
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Table 4.12: Geometric mean Bursometry in different treatment groups from day 7 to day 

35 of age. 

Groups 7 day 14 day 21 day 28 day 35 day 

A Group  3 5 6 5 6 

B Group  3 6 5 4 4 

C Group  3 4 4 3 3 

D Group  3 5 6 6 7 

 

 

Figure 4.5: Comparative bar presentation of Average Bursa to Body weight Ratio of 
broiler chicken in different treatment groups 

Treatment Groups: Group A:Immune complex vaccine, Group B:Conventional vaccine (D78), 

Group C: Conventional vaccine (228E), Group D: Control (Unvaccinated) 
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Plate 4.44: Bursometer used to measure different sizes of bursa 

 

 
Plate 4.45. Bursa of control Group D on 35 day showed 7 diameter (22.22 mm) on 

bursometer 

 
Plate4.46: Bursa of Group A on 28 Day day showed 5diameter (15.87mm) on bursometer 
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Plate 4.47: Bursa from all groups at age of 35 days showing different sizes 

 

4.15. Bursa to body weight ratio: 

 Bursa to body weight Ratio of different treatment groups of broiler chicken were 

determined weekly up to 35 days of age as presented in table (4.12).  Significantly no difference 

found in bursa to body weight index of broiler chicken on day 7 in different treatment groups. 

The group A (Immune complex Bursaplex) showed lower weight of bursa on 14 day 

significantly as comparison to others IBDV vaccinated group B & C. On day 21, 28 and 35 

group C (Conventional vaccine 228E) showed Significantly (P<0.05) lower bursal weight ratio 

as comparison to IBDV vaccinated groups A (Bursaplex) & group B (Conventional vaccine 

D78).  

On day 28 and 35 group D (Control, Unvaccinated) showed higher Bursa to Body Weight 

Ratio as compared to other treated groups A (Bursaplex) , B (Conventional vaccine D78) & C   

(Conventional vaccine 228E). 
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Table 4.13: Showing mean bursa to body weight Ratio in IBDV vaccinated groups from 

day 7 to day 35 of age 

Groups  7 day 14 day  21 day  28 day  35 day 

Group A 2.17a±0.38 2.02a ±0.50 1.72a ±0.33 2.14a ± 0.07 1.28a± 0.04 

Group B 1.99a±0.05 2.57a±0.08 2.16a±0.04 1.01b±0.02 0.67b±0.03 

Group C 1.88a±0.03 2.34a±0.04 1.68a±0.03 0.75c±0.04 0.62b±0.04 

Group D 1.95a±0.03 1.84a±0.04 2.05a±0.03 2.26a±0.03 1.32a±0.03 

Values Showing Different Superscripts within a Column Differ Significantly (P<0.05) 

 

 

 

Fig. 4.6: Comparative bar presentation of Average Bursa to Body weight Ratio of broiler 

chicken in different treatment groups 

 

Treatment Groups: Group A:Immune complex vaccine, Group B:Conventional vaccine (D78), 

Group C: Conventional vaccine (228E), Group D: Control (Unvaccinated 
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4.16 Gross and Histopathological Lesions of Bursa of Fabricius  

4.16.1. Gross Lesions 

 Five birds from each group were slaughtered on 14, 21, 28 and 35 days post IBD 

vaccination. Gross lesions were scored in different treatment groups, severe lesions scored as 4, 

marked bursal lesion scored 3, moderate bursal lesions scored 2, mild bursal lesions scored 1, no 

bursal lesion scored as 0 (Table .4.13). On 14th day Group A (Bursaplex) showed mild changes 

in bursa of Fabricius with swollen bursal fold. Group B, C and D showed no gross lesions. As 

group B (Conventional vaccine D78) vaccinated on 20 day and Group C (Conventional vaccine 

228E) vaccinated on 16 day according to Deventer formula.  

 On 21st day Group A showed mild hemorrhages on bursa. Group B showed mild bursal 

swelling and group C showed moderate changes with hemorrhages and edematous swelling and 

fluid present. Group D (unvaccinated) showed no changes in bursa of Fabricius.  

 On 28th day of age Group A showed mild changes with presences of bursal fluid. Group 

B showed moderate type of changes bursal fold swelling and congested bursa. Group C showed 

marked congestion, bursal fold swelling along with blood accumulation and bursal atrophy.  

 On 35th day intensity of changes gradually decreased from severe to mild, group A and B 

showed mild changes and group C showed moderate changes as compared with control.  
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Table 4.14. Gross Bursal Lesions Scores in bursa of Fabricius of various groups  

Days Groups  Vaccine 

Strain 

Hemorrhages Hypertrophy Swollen 

Bursal 

Folds 

Fluid 

Presence 

14thday A Bursaplex 0 0 1 1 

 B D78 0 0 0 0 

 C 228E 0 0 0 0 

 D Control 0 0 0 0 

21stday A Bursaplex 1 1 1 1 

 B D78 1 1 0 0 

 C 228E 3 2 3 3 

 D Control 0 0 0 0 

28thday A Bursaplex 1 1 1 2 

 B D78 2 1 2 1 

 C 228E 3 1 3 3 

 D Control 0 0 0 0 

35thday A Bursaplex 0 0 0s 1 

 B D78 0 0 1 1 

 C 228E 2 1 1 2 

 D Control 0 0 0 0 

0: no Lesion  1: Mild Lesion   2: Moderate Lesion  3: Marked Lesion   4: Severe Lesion 
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Plate 4.48: Bursa of different groups on 28th day of post IBD vaccination 

 

 
Plate 4.49: Right side bursa from group C showed swollen bursal folds and congestion on 

21st day. Left side bursa from control group D showed no hemorrhages. 
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4.16.2. Histopathological lesions 

 The Bursa of Fabricius was collected from each group at 14, 21, 28 and 35 days of post 

IBD vaccination. Histopathological lesions were scored (Table. 4.14). At 14th day of age group A 

showed mild lymphocytic depletion and epithelial necrosis in bursa (Plate: 4.50). Group B and C 

showed no specific lesions.  

 At 21st day of age group A showed mild changes lymphocytic depletion, epithelial 

necrosis and mononuclear cells infiltration.  Group B on 21 day showed mild lymphocytic 

depletion and fibrous tissue proliferation (Plate: 4.51). Severe lymphocytic necrosis, 

mononuclear cells infiltration and edematous fluid observed in group C. 

 On 28 day group A and B showed moderate to marked histopathological changes 

lymphocytic depletion, epithelial necrosis and mononuclear cells infiltration. Group C showed 

severe necrosis of epithelium, formation of cyst in epithelium and fibrous tissue proliferation 

(Plate: 4.52). Marked bursal atrophy observed in group C on 28 day. Group D control showed no 

histopathological lesions.  

 On 35th day of Group A and B showed mild to moderate histological changes in bursa of 

Fabricius. Group C showed marked lymphoid depletion with infoldings of epithelium, marked 

fibroplasias and atrophy of bursal follicles (Plate 4.53). On 35 day, no histological lesions were 

observed in bursa of group D. 
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Table 4.15. Histopathological bursal lesions scores in bursa of Fabricius in various groups 

 

Day Group Vaccine LN LD EH FT CF MP BA OF 

14 day 

A Bursaplex 0 1 1 0 0 1 0 1 

B D78 0 0 0 0 0 0 0 0 

C 228E 0 0 0 0 0 0 0 0 

D Control 0 0 0 0 0 0 0 0 

21 day 

A Bursaplex 1 1 1 0 0 1 0 0 

B D78 1 1 1 1 0 1 0 2 

C 228E 4 3 4 4 4 3 0 3 

D Control 0 0 0 0 0 0 0 0 

28 day 

A Bursaplex 2 1 1 1 1 2 0 1 

B D78 2 2 2 2 1 2 0 2 

C 228E 4 3 4 3 4 4 3 0 

D Control 0 0 0 0 0 0 0 0 

35day 

A Bursaplex 1 1 1 0 1 2 1 1 

B D78 2 2 2 2 1 2 2 2 

C 228E 3 3 3 3 4 4 3 1 

D Control 0 0 0 0 0 0 0 0 

LN.Lymphoid necrosis  LD. Lymphoid depletion  EH. Epithelial hyperplasia 

FT, Fibrous tissue presence CF. Cyst Formation  MP, Mononuclear cellular presence 

BA, bursal atrophy  OF, OEDEMATUS FLUID 

Scoring 

0: No Lesion    1: Mild Lesion     2: Moderate Lesion    3: Marked Lesion       4: Severe Lesion 
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Plate 4.50: Bursa from group A at 14th day of age showing mild lymphocyte depletion 

(arrow)& epithelial necrosis (arrowhead). 

 

 
Plate 4.51: Bursa from group B at 21day of age showing moderate lymphoid depletion 

(arrowhead) with proliferating fibrous tissue (arrow). 
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Plate 4.52 Bursa from group C at 28th day showing epithelial cyst formation (arrow). 

 

 
Plate 4.53: Bursa from group C at 35 day showing severe lymphoid depletion (arrowhead) 

with infoldings of epithelium& marked fibroplasias (arrow).  
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4.17. Post challenge Finding: 

4.17.1. Mortality and Morbidity 

 To check the mortality ten broiler birds were separated from group A, B, C and D and 

challenged with IBDV with dose of 0.1ml (EID50 105.50/100ul)through eye route on 28 day of 

age. Postchallege mortality observed up to 7 days (Table.4.15). Group A (Immune complex 

Bursaplex) and Group C (Conventional vaccine 228E) showed 10% mortality at the 1 week of 

postchallenge. Group B treated (Conventional vaccine D78) caused 30% mortality. Group D 

(Unvaccinated) showed 60% mortality.  

4.17.2 Gross and Histopathological Changes:  

 The histopathological lesions were more pronounced in lymphoid organs of control group 

D (unvaccinated control) as compared to other vaccinated groups.  The gross lesions were 

moderate type in vaccinated groups but in group D showed severe gross lesions on bursa, 

revealed the changes like increased bursal size, edematous swelling and hemorrhages on bursal 

folds.  Other lymphoid organs thymus and spleen showed hypertrophy of thymus and 

splenomegaly in IBDV challenged groups. The unvaccinated control group D showed necrotic 

foci, congestion and hemorrhages on surface of spleen. The histopathological findings of bursa 

of Fabricius revealed severe damage of B lymphocytes. All the groups recovered except group 

D. Lesions in post challenged IBDV infection in group D showed hemorrhages and follicular 

cyst formation in bursa (Plate. 4.54). At 6th day post infectiongroup D showed severe 

lymphocytic depletion, infolding of epithelium and cyst formation (Plate. 4.55). 
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Table 4.16.-Challenge protection trials of birds inoculated with different commercial 

vaccine  

 

Groups/Days 1 2 3 4 5 6 7 Mortality Morbidity 

A - - - - 1 - - 10% 90% 

B - - - 3 - - - 30% 70% 

C - - - 1 - - - 10% 90% 

D - - 2 2 1 1 - 60% 40% 

Treatment Groups: Group A: Immune complex vaccine, Group B: Conventional vaccine 

(D78), 

Group C: Conventional vaccine (228E), Group D: Control (Unvaccinated) 

 

 
Plate: 4.54: Group D 4th Day of post 

challenged showed hemorrhages 

(arrow) and follicular cyst 

formation (arrowhead). 

 Plate 4.55: Group D 6th day of post 

challenged showed severe lymphocytic 

depletion, infolding of epithelium and 

cyst formation. 
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4.544.54 
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CHAPTER 5 

DISCUSSION 
 

 In Pakistan poultry industry has become sophisticated commercial industry making 

remarkable progress during last few decades. The industry is continuously being threatened by 

viral diseases, causing high mortality and adversely affects the production that leads to economic 

losses by increasing the chickens susceptibility to secondary bacterial infection and sub optimal 

response to vaccination. Infectious bursal disease (IBD) also called Gumboro disease is a 

significant threat to flourishing industry being highly spreading infection. The disease is caused 

by Birna virus, a double stranded RNA virus having two segments (Razia et al. 2014). It is 

associated with high mortality in young chicken 3 to 6 week of age. The infectious bursal disease 

virus (IBDV) causes lymphoid depletion of the bursa of Fabricius that results in significant 

depression of humoral anibody response and leads to immunosuppression. The present project 

was designed to understand the field strains which exist in the country leading to the IBD 

outbreaks, its pathogenesis and whether the infection is caused by the virulent strains or the 

classical/variant. 

The samples of bursa of Fabricius were collected from different broiler poultry farms 

around Lahore on the basis of suspected outbreak of Infectious bursal disease (IBD) based on 

signs, mortality and necropsy findings. The clinical signs and symptoms exhibited by broiler 

birds during field IBD outbreaks were characterized by dullness, depression, anorexia, soiled 

vent feathers and whitish mucoid diarrhea. Similar findings were observed by (Mbuko et al. 

2010). It was observed that susceptibility of IBD in broiler birds were highest in 3 to 4 week of 

age. There was reduction in IBD infection incidence after 5 weeks of age. IBD disease outbreak 
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was recorded throughout the year, however high occurrence was reported in winter season 

followed by rainy and summer seasons. Similar findings were reported that the occurrence of 

IBD outbreak more in winter season as compared to summer (Razia et al. 2008). IBD field 

outbreak necropsy findings of infected broiler birds indicated hemorrhages on bursa of Fabricius, 

congested liver, hemorrhages on pectoral and thigh muscles, bursal hypertrophy and nephritis. 

Bursa of Fabricius samples were collected and processed for IBDV isolation and 

identification through serological and molecular methods. For diagnosis and identification of 

IBDV different serological tests are being performed like Agar gel precipitation test (AGPT) 

Indirect hemagglutination and Enzyme linked immunosorbent assay (ELISA). The principle of 

all serological tests is based on specific antigen antibody reaction (Okwor et al. 2011). Out of 30 

field bursa samples, 20 (71.4%) samples were positive and showed clear line of precipitation 

between 48 to 72 hours of incubation by AGPT. The basic principle behind AGPT is antigen and 

antibody interaction and presence of precipitation lines indicating positive samples for IBDV 

(Zain et al. 2014).  

For IBDV isolation triturated bursal tissue were inoculated in embryonated eggs through 

chorioallantoic membrane route. As chorioallantoic membrane (CAM) route is sensitive for 

IBDV replication as compared to allantoic sac and yolk sac route. Embryonated eggs showed 

mortality after 48 hours were selected as normal incubation period of virus is 48hours. In second 

and third passages 100% mortality observed in inoculated embryonated eggs after this time 

period due to virulent IBDV (Ahmad et al. 2005). The dead embryos were edematous with 

subcutaneous hemorrhages. Hemorrhagic lesions were observed on hind legs, abdomen and 

CAM of all infected embryos. Other pathological lesions observed were severe congestion of 

kidney, splenomegaly and necrosis of liver (Rosenberger et al. 2008; Aftab et al. 2010). IBDV 
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was confirmed after each passage from triturated embryo and CAM through AGPT (Muhammad 

et al. 2005). Egg infectivity dose (EID50) was estimated through the procedure described by Reed 

and Muench (1938). Infectivity titer was 105.50/100ul. Ahad 2002 also reported that IBDV could 

be propagated in embryonated chicken eggs.  

Infectious bursal disease virus was confirmed from field bursal tissue samples and 

triturated embryo and CAM after each passage through the reverse transcriptase polymerase 

chain reaction (RT-PCR), primers of 743 bp were used (Lone et al. 2009). Out of 30 bursal field 

samples, 23 (80%) were positive for IBDV. VP2 gene specific primers confirmed the IBDV in 

tissues samples (Islam et al. 2011; Dergham et al. 2012). Molecular identification of IBDV by 

using RT-PCR is more sensitive method as compared to conventional serological test AGPT. To 

identify the strain of IBDV existed in field, DNA sequencing was done using amplicon targeted 

VP2 gene. The obtained DNA sequence was aligned by using a basic alignment search tool 

(BLAST) utilized for the homology analysis. Analysis of the obtain DNA sequence with the 

already reported DNA sequences available in NCBI Data Bank was done. The phylogenetic 

analysis and comparative alignment analysis of hypervariable region of VP2 gene of local field 

IBDV assessed the type of virus (Sara et al. 2014). The homology analysis of VP2 gene of 

isolated field IBDV sequence showed maximum homology of 93% with same gene isolated in 

India (IbdvHR9/03VP2). RT-PCR and sequence analysis was found to be a rapid tool to analyze 

the variation in strains leading to changes in virulence and antigenicity (Jackwood et al. 2007; 

Wu et al. 2007). 

In the second experiment, isolated field Birna virus of (IBD) was inoculated in 

commercial broilers having maternal derived antibody (MDA) and specific antibody negative 

birds (SAN) for experimental production of disease.  SAN birds were serologically negative 
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birds for IBDV. This study was designed to document the complete pathogenesis of IBD in 

challenged birds. Almost all birds in challenged groups A and B were infected showing clinical 

signs, gross and histopathological lesions of IBD as compared to control groups C and D. These 

findings were similar to previous study of Zhang et al. (2000). Disease produced in challenged 

birds presents following clinical signs of, depression, anorexia, whitish watery diarrhea, ruffled 

feathers, trembling and prostrations. These finding were matched with previous study of Siavosh 

et al. (2009).  The disease produced by experimentally infected birds was characterized by high 

mortality and morbidity. All the infected birds exhibited watery diarrhea, vent picking, 

dehydration and poor body weight ratio. The infection due to the classical forms of IBD field 

outbreak may result in high mortality and in broiler birds it exceeds 1-60% in three to six week 

of age with high morbidity up to 100% (Muller et al. 2003). 

 On postmortem examination, gross lesions were observed on lymphoid organs (bursa, 

thymus and spleen) and non-lymphoid organs (liver, lung, and kidney) on 3rd, 5th, 9th and 14th day 

of post infection. On 3rd day of post infection group A bursa became swollen and hemorrhagic 

and congestion and mild hemorrhages were observed on spleen, thymus and kidney as compared 

to control groups. The similar findings were reported by Ahmad et al. (2014). Gross changes like 

dehydration, petechial and ecchymotic hemorrhages were observed on pectoral muscles, thigh 

muscles, breast muscles and serosal surfaces. The specific antibody negative chicks showed 

moderate to severe changes on lymphoid and non lymphoid organs. On 5th day of post infection 

in group B, bursa of Fabricius was enlarged and became double of its normal size due to edema 

and hyperemia with swollen bursal folds, swollen and pallor kidney were observed with 

accumulation of urates in renal tubules. On 9th day of post infection bursa of Fabricius and 

thymus were hemorrhagic, atrophied, and gelatinous fluid observed in bursa. On 14th day of post 
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infection severe changes were observed including marked regression of bursa and thymus, multi 

focal necrotic foci observed on kidney and liver. These findings were in close conformity with 

findings of (Hussain et al. 2001). Moderate to severe splenomegaly and petechial hemorrhages 

observed on thymus.  Similar findings were reported Starciuc et al. (2011).  

 Histopathological lesions were observed in lymphoid and non lymphoid organs of 

infected birds, changes were compared with the control groups. Pathological lesions were scored 

mild in start, followed by moderate and severe. On third day of post infection mild lymphocytic 

depletion and hyperplasia of epithelial cells observed in bursa, mild hemorrhages and congestion 

was observed in liver, kidney and thymus. These findings are justified with findings of (Zubeedy 

et al. 2013; Al-Jubori, 2009; Zhang et al. 2002). On 5th day of postinfection moderate 

histopathological lesions observed depleted and necrosed B lymphocytes observed at medullar 

area of bursal lymphoid follicle, depleted lymphocytes replaced by heterophils and 

reticuloendothelial cells. Marked leukocytic infiltration was observed in liver and .spleen. 

Similar findings reported by  (Ayyub et al. 2003, Bruce et al. 1992 and Tsegaye et al. 2014). On 

9th day of postinfection marked to severe changes including severe leukocytic depletion, bursal 

atrophy, cyst formation and fibrous tissue proliferation observed in bursa of Fabricius. 

Congestion, hemorrhages, lymphocytic necrosis, and thickening of intralobular connective tissue 

were seen in thymus. In kidney tubular necrosis, oedema and hemorrhages observed. These 

observations were matched with findings of Rauf et al. (2011) and Ahmad et al.  (2014). On 

fourteen days of postinfection lymphoid necrosis observed at medullary and cortical region of 

lymphoid follicles of thymus and bursa. Inflammation diminishes and necrotic debris cleared by 

phagocytosis, cystic cavities developed in bursal follicles, fibrous tissue proliferation occurred. 

The proliferation of epithelial layer of bursa produced glandular structure consisting of columnar 
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epithelium that contained mucin globules. Lymphoid depletion and hemorrhages were observed 

in spleen. Such observations were also made by Peter, 1967, Campbell et al. 1986, Ojeda et al. 

1997.  

 Immunohistochemistry technique was used to detect the IBDV in tissue sections. Positive 

IBDV antigen cells were observed as dark brown colored, finely granular, in the cytoplasm of 

antigen infected cells. Most of the cell associated positive staining occurred within epithelial 

cells (surface) of bursa and also associated with lymphocytes in lymphocytic infiltration and 

occasionally fibroblast and mononuclear cells seen in different organs. The same findings were 

also made by Siavosh et al. 2009, Zhang et al. 2002 and Muller at al. 1979. IBDV antigen 

positive cells observed in infected lymphocytes and macrophages at medullar and cortical region 

of lymphoid follicles of bursa and thymus. This statement was an agreement with finding of 

Tanimura et al. 1995 and Jackwood, 1997.  

 The reverse transcriptase polymerase chain reaction (RT-PCR) was performed on 

lymphoid and non- lymphoid organs by using specific primers of 743bp targeted the VP2 gene of 

IBDV. IBDV first appeared in hematogenic organs that supplied the blood, followed by bursae. 

The virus reached the kidney, liver and spleen through blood after infection and enters the bursa 

where marked replication of virus occurred (van den Berg, 2000). RT-PCR signals were 

observed in bursa, thymus, spleen, kidney and liver. This statement is supported by findings of 

Zhang et al. (2002). 

 Serum biochemical parameters like alanine aminotransferase (ALT), albumin, total 

protein, aspartate aminotrasnferase (AST) and alkaline phosphates (ALP) were measured on 3rd, 

5th and 7th day of postinfection in infected groups. Albumin and total protein values were reduced 
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in IBDV infected groups as compared to control groups. Total protein level decreased due to 

impaired liver function and kidney damaged also caused to protein loss (Nunoya et al. 1992). 

Other causes of hypoproteinemia were anorexia, dehydration and diarrhea in IBDV infected 

birds. This statement is supported by findings of Bain (2003) and Tesfaheywet et al. (2012). The 

ALT, AST and ALP values were significantly increased in IBDV challenged birds. IBDV 

causing hepatocytes necrosis and rupturing of hepatocytes that elevated ALT values (Abidin et 

al. 2013). In IBDV infection liver and kidney were adversely affected that leads to increase 

values of serum enzymes. Similar findings were reported by Zain et al. 2014, Roosevien, 2006 

and Hair-Bejo et al. 2004). 

 In the third experiment, efficacy of different IBDV vaccines were evaluated against field 

isolate. Different IBDV vaccines intermediate plus (Conventional vaccine 228E), intermediate 

live vaccine (D78) and immune complex live vaccine (Bursaplex) effects were estimated against 

IBDV isolated field virus. The first part of study demonstrated the optimal time for IBDV 

vaccination to obtain the protective immune response in chicken. It is reported that high maternal 

derived antibodies (MDA) at the time of IBD vaccination in the field conditions interfered with 

vaccinal effect and neutralizes the vaccinal virus (Rautenschlein et al. 2005; van den Berg, 

2000). The optimal time of vaccination for conventional vaccines to induce detectable humoral 

immunity was estimated by the Deventer formula. This statement is justified the observation of 

de Wit, 2001. On 21, 28 and 35day of post vaccination significantly low body weight gain was 

observed in group C vaccinated with 228-E. Similar observation was reported by Azhar et al. 

2012. The geometric mean ELISA antibody titer was significantly high in group A vaccinated 

with (Bursaplex Immunecomplex IBDV vaccine) as compared to other vaccinated group B and 

C. This finding justified the findings of Beenish et al. 2015. The live intermediate plus infectious 
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bursal disease virus (IBDV) mixed with chicken hyper immune IBDV antibody serum for 

development of immune complex vaccine. Bursaplex (Immune complex vaccine) enhanced the 

immunomodulatory effect (Beenish et al. 2015), as IBDV replicated in bursa of Fabricius and 

damaged the immature B lymphocytes that leads to immunosuppression. The immune organ to 

body weight ratio and bursal diameter, estimation is also important indication for evaluating the 

efficiency of disease. This statement is an agreement with the observation of (Bolis et al. 2003, 

Bennett et al. 2006). In present study mean Bursa to body weight ratio and bursometry was 

performed weekly up to thirty fifth day of age. The higher bursal diameter was observed in live 

immune complex vaccinated group as compared to other groups vaccinated with intermediate 

strains of IBD. These findings were matched with previous findings of Ayyub et al. 2003. On 7th, 

14th and 21st day of post vaccination no significance difference was observed in different 

treatment groups. The group C (conventional vaccine 228E) showed significantly lower bursal 

weight as compared to other vaccinated groups. The intermediate plus IBDV vaccines carried hot 

IBD strain and adversely damage the immune organs and caused bursal regression as reported by 

Samanta et al. (2011).  The present study indicated immune-suppressive effect of hot strain live 

intermediate vaccines in terms of bursal damage. The present statement is in agreement with 

findings of (Boudaoud et al. 2008). 

 Gross and histopathological lesions were noticed in different treatment groups on 14, 21, 

28 and 35 days of post vaccination. No specific gross lesions, were observed before vaccination. 

Group A showed mild changes in bursa of Fabricius with swollen bursal fold and mild 

hemorrhages. The moderate type of changes observed in group vaccinated with (Conventional 

IBD vaccine D78). This finding was closely related with the work of Ayyub et al. 2003 reported 

moderate damaging effect of D78 strain of IBDV. The marked congestion of bursa, bursal folds 
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swelling along with blood accumulation and bursal atrophy observed in group vaccinated with 

intermediate plus 228E strain. The similar findings of damaging and immune depressive effect of 

virulent strain of IBD vaccines were reported (Van den Berg et al. 2000; Al-Zubeedy, 2009). 

 The post challenge mortality and morbidity was estimated in different treatment groups. 

The un-vaccinated control group showed 60% mortality. The bursaplex and group vaccinated 

with 228E showed mortality 10%. Similar observations were reported by Azhar et al. (2012). 

The histopathological lesions were more pronounced in lymphoid organs of control group D 

(unvaccinated control) as compared to other vaccinated groups. The gross lesions were moderate 

type in vaccinated groups but in group D showed severe gross lesions on bursa, revealed the 

changes like increased bursal size, edematous swelling and hemorrhages on bursal folds. The 

necrotic foci, congestion and hemorrhages observed on surface of spleen in un vaccinated group. 

The histopathological findings of bursa of Fabricius revealed severe damage of B lymphocytes. 

All the groups recovered except group D. Similar findings were reported by Tartar et al. 1995. 

Conclusions 

 Isolated field IBDV VP2 gene sequencing and phylogenetic study revealed virulent strain 

existed and having 93% homology with Indian strain (IBDV HR9/03 Accession Number 

AY739668.1)  

 Immunohistochemistry is better diagnostic test, to understand the mode of action of the 

recent IBDV field isolate, towards the tissue tropisms of both lymphatic and non 

lymphatic organs.   

 Deventer formula must be used before using of commercial vaccines.  

 Intermediate immune complex vaccines have better results than intermediate plus as they 

causes less damage to bursa of Fabricius with protective antibody titer.  
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CHAPTER 6 

SUMMARY 
 

 A study was conducted to investigate the infectious bursal disease virus strain existed in 

field, its pathogenesis and molecular diagnosis of field infectious bursal disease virus (IBDV). In 

first experiment, the infectious bursal disease virus was isolated and identified from bursal field 

samples.  The hundred samples of bursa of Fabricius were collected from different broiler 

poultry farms on reported outbreak around the area of Lahore. Thirty bursal samples were 

processed for virus isolation and triturated samples were inoculated in nine day old embryonated 

eggs and three passages were given. The IBDV was confirmed through the agar gel precipitation 

test (AGPT) and the reverse transcriptase polymerase chain reaction (RT-PCR) from tissue 

bursal samples and triturate collected after each passage like chorioallantoic membrane, infected 

embryo and allantoic fluid.  Out of thirty bursal samples, 20 (71.4%) were positive for AGPT 

and 23 (80%) were positive for RT-PCR. DNA sequencing was done using amplicon targeted 

VP2 gene. The obtained DNA sequence was aligned by using a basic alignment search tool 

(BLAST) utilized for the homology analysis.  The infectivity titer of isolated field IBDV was 0.1 

ml of EID50 (virus titer 105.50/100ul).  

 In second experiment, pathogenesis of field infectious bursal disease virus was studied in 

commercial broiler chicks having maternal derived antibodies and specific antibody negative 

chicken (SAN). Group A and B were challenged with IBDV field isolate at rate of 0.1ml EID50 

at second week of age through eye route, groups C and D were control of commercial and SAN 

chicks respectively. The course of disease was monitored by clinical signs, gross and 

histopathological lesions on 3rd, 5th, 9th and 14th day of post infection. Clinical signs of 
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depression, anorexia, whitish watery diarrhea, ruffled feathers, vent picking, dehydration, 

trembling and prostrations were observed. Gross and histopathological lesions were observed on 

lymphoid organs ( bursa, thymus and spleen) and non lymphoid organs ( kidney and liver), 

lesions were scored mild on 3rd day of post infection and progressed to moderate to severe on 5th 

and 9th days of post infection. Gross changes like petechial and ecchymotic hemorrhages 

observed on pectoral muscles, thigh muscles, breast muscles and serosal surfaces, swollen and 

pallor kidney observed with accumulation of urates, severe changes observed included marked 

regression of bursa and thymus, multi focal necrotic foci on liver. Histopathological changes like 

necrosed and damaged B lymphocytes observed at medullar region of lymphoid follicles, 

depleted lymphocytes replaced by heterophils and reticuloendothelial cells, cystic cavities 

developed in bursal follicles, fibrous tissue proliferation, proliferation of epithelial layer of bursa 

produced glandular structure observed. IBDV antigen was confirmed in lymphoid and non-

lymphoid tissues samples through Immunohistochemistry and RT-PCR. IBDV antigen positive 

cells were observed as dark brown colored, finely granular, in the cytoplasm of infected cells. 

Most of the cell associated positive staining occurred within epithelial cells of bursa also 

associated with infected lymphocytes and occasionally fibroblast and mononuclear cells. Serum 

biochemical parameters including Total Protein, Albumin, Alanine Aminotransferase (ALT), 

Aspartate Aminotrasnferase (AST) and Alkaline Phosphates (ALP) were measured on 3rd, 5th and 

7th day of postinfection in infected groups. Albumin and total protein values were reduced in 

IBDV infected groups as compared to control. The ALT, AST and ALP values were significantly 

increased in IBDV challenged birds as virus adversely affected liver and kidney.  

In third experiment efficacy of different infectious bursal disease virus vaccines were evaluated 

against field isolate. Optimal timing of vaccination is very important to achieve protective level 
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of antibodies against IBDV. This experiment was designed to evaluate the serological effects and 

the pathological damages of various strains of IBD vaccines in broiler chickens against field 

IBDV. Group A was subcutaneously vaccinated at one day of age with immune complex vaccine 

( Bursaplex). Group B and group C were vaccinated with different commercial products of 

intermediate plus vaccine (228 E and D78 respectively) according to Deventer Formula whereas, 

group D was control. The samples of blood were collected randomly from five birds of each 

group at day 7, 14, 21, 28 and 35 to evaluate ELISA titer. Bursal samples were taken for gross 

lesions, bursa to body weight ratio, bursometry and histological lesions scoring. On 21, 28 and 

35day of post vaccination, significantly low body weight gain was observed in group C 

vaccinated with 228-E. The geometric mean ELISA antibody titer was significantly high in 

group A vaccinated with (Bursaplex Immunecomplex IBDV vaccine) as compared to other 

vaccinated group B and C. At day 35 group B and C showed lower bursa to body weight ratio 

significantly as compared to group A. Lower bursal diameter and severe damage to bursal tissue 

observed in group C. Group A and C showed 10% mortality, group B showed 30% mortality and 

control group D showed 60% mortality after IBDV field challenge. In conclusion, Deventer 

Formula can be helpful to vaccinate birds at optimal time but conventional vaccines damages 

more bursal follicles as compare to immune complex vaccine.Intermediate immune complex 

vaccines have better results than intermediate plus as they causes less damage to bursa of 

Fabricius with protective antibody titer. 
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APPENDIX 

Annexure-1 

Composition of reagents 

10% Neutral Buffered Formalin 

Strong formalin  100 ML 

Tap water 900 ML 

Sodium dihydrogen phosphate, monohydrate (NaH2PO4.H2O) 4.0 g 

Disodium hydrogen phosphate, anhydrous (Na2HPO4)  6.5 g 

Mayer’s Egg Albumin 

Composition 

Egg white   50.0 ml 

Glycerine   50.0 ml 

DPX 

Dibutyl polysterene  10-15% 

tricresyl phosphate  25% 

Xylene    60-80% 

Phosphate Buffer Saline 

NaCl    8g 

KCl    2g 

Na2HPO4   1.44g 

KH2PO4   0.24g 

Dissolve the following in 800ml distilled H2O. 
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Annexure-2 

Comparative analysis of 15F field IBDV with HR9/03 VP2 gene gen accession number 

AY739668.1. 
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Annexure-3 

Comparative analysis of 16F field IBDV with HR9/03 VP2 gen accession number 

AY739668.1. 
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Annexure-4 

Comparative analysis of 18F field IBDV with HR9/03 VP2 gen accession number 

AY739668.1. 
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Annexure-5 

IBD vaccination age using Idexx titres, according to Deventer formula 

 

Sample 

no. Idexx titre 

 

Age at sample:  1  days 

 1 2630 

     

2 2480 

 

Earliest vaccination age to 

allow 75% 

of the flock to 

respond: 

3 1552 

 
Vaccine: Milder 

Intermidia

te Plus 

4 2241 

 
Breakthrough titre,  

Idexx,Biochek 
100 250 500 

5 2426 

T1/2 

(days): 

6 1323 3.5 Broiler  20 16 12 

7 2630 4.5 Broiler Breeder 25 19 14 

8 2480 5.5 Layer  29 22 17 

9 1552 

     

10 2241 

 

Earliest vaccination age to 

allow 25% 

of the flock to 

respond: 

11 2426 

 
Vaccine: Milder Intermiate  Plus 

12 1323 

 
Breakthrough titre, 

Idexx,Biochek 
100 250 500 

13 2630 

T1/2 

(days): 

14 2480 3.5 Broiler  18 13 10 

15 1552 4.5 Broiler Breeder 22 16 11 

16 2241 5.5 Layer  26 18 13 

17 2426 

     

18 1323 

Gap between take day of lowest 25% of the flock, & 75% take 

vaccination day: 

19 2630 

  
Days 

20 2480 

 
Broiler  2 

21   

 
Broiler Breeder 3 

22   

 
Layer  4 

23   

 
        

24   

 
        

25   

 

        

26   

  

 
Average 

     

 

2153 

     

 

23% 

     

 
CV 

     


